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This book is intended to serve as an aid for men who are seeking 
to acquire the theoretical knowledge and the operational skills required 
of candidates for advancement to the rate of Illustrator Draftsman 
Third Class or Illustrator Draftsman Second Class, As one of the Navy 
Training Manuals, it was prepared by the Training Publications Division, 
Naval Personnel Program Support Activity, Washington, D.C., for the 
Naval Training Support Command, 
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NAVAL TRAINING SUPPORT COMMAND 
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GOVERNMENT PRINTING OFFICE 
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For sale by the Superintendent of Documents, U.8. Government Printing Office 
Washington, D.C. 20402 - Price $3.25 


THE UNITED STATES NAVY 
GUARDIAN OF OUR COUNTRY 


The United States Navy is responsible for maintaining control of the sea 
and is a ready force on watch at home and overseas, capable of strong 
action to preserve the peace or of instant offensive action to win in war. 


It is upon the maintenance of this control that our country’s glorious 
future depends; the United States Navy exists to make it so. 


WE SERVE WITH HONOR 


Tradition, valor, and victory are the Navy's heritage from the past. To 
these may be added dedication, discipline, and vigilance as the watchwords 
of the present and the future. 


At home or on distant stations we serve with pride, confident in the respect 
of our country, our shipmates, and our families. 


Our responsibilities sober us; our adversities strengthen us. 


Service to God and Country is our special privilege. We serve with honor. 


THE FUTURE OF THE NAVY 


The Navy will always employ new weapons, new techniques, and 
greater power to protect and defend the United States on the sea, under 
the sea, and in the air. 


Now and in the future, control of the sea gives the United States her 
greatest advantage for the maintenance of peace and for victory in war. 


Mobility, surprise, dispersal, and offensive power are the keynotes of 
the new Navy. The roots of the Navy lie in a strong belief in the 
future, in continued dedication to our tasks, and in reflection on our 
heritage from the past. 


Never have our opportunities and our responsibilities been greater. 
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CHAPTER 1 
ADVANCEMENT 


This rate training manual is designed to help 
you meet the qualifications for advancement to 
Illustrator Draftsman Third Class or Illustrator 
Draftsman Second Class, It presents information 
on the techniques of illustration and graphics 
which you will use to perform the tasks and duties 
of your rating. The advancement standards that 
served as the basis for this manual are contained 
in the Manual of Qualifications for Advancement, 
NavPers 18068-C, and were current and up-to- 
date ав of June 1971. 


THE ENLISTED RATING 
STRUCTURE 


The enlisted rating structure provides paths 
of advancement from paygrade E-1 through pay- 
grade E-9, The structure comprises the follow- 
ing categories: general ratings, service ratings, 
emergency ratings, and general rates (apprentice- 
ships). 


GENERAL RATINGS 


General ratings identify broad occupational 
fields, encompassing similar duties and functions 
which require related patterns of aptitudes and 
qualifications. Both Regular Navy and Naval 
Reserve personnel may hold general ratings. 
There are two types of general ratings — those 
with no subspecialties or service ratings and 
those with service ratings, Illustrator Drafts- 
man is an example of a general rating which 
contains no service ratings. 

In order to provide for progressively higher 
levels and scopes of authority and responsibility, 
general ratings may be combined ("сотргеззеа!') 
at the E-8 or E-9 level, where occupational con- 
tent is similar, to form broader occupational 
fields, An example of this compression is that 
both Senior Chief Instrumentman and Senior Chief 
Opticalman advance to Master Chief Precision 
Instrumentman, acquiring broad knowledge of 


both subject areas, Such rating combinations re- 
sult in fewer general ratings at the E-8 level 
and fewer still at the E-9 level, Where general 
ratings are combined, men continue to wear the 
rating identification which they wore at E-7; for 
example, the Master Chief Precision Instrument- 
man who advanced from Opticalman continues to 
wear the Opticalman insigne. 


SERVICE RATINGS 


Service ratings are subdivisions of certain 
general ratings which, by delineating specific 
areas of qualifications, provide for required 
specialization in training and utilization of per- 
sonnel, The rating badge of a service rating is 
the same as that of the associated general rat- 
ing. Electronics Technician is a general rating, 
but within its scope it contains two service rat- 
ings, Electronics Technician, Communications 
(N); and Electronics Technician, Radar (R) at 
the E-4 and E-5 pay grades, At the E-6 level, 
both must qualify for the general rating. 

The service rating, initially developed to 
satisfy the requirement for optimum utilization 
of minimally trained personnel at lower pay 
grades, is sometimes needed at higher pay grades, 
It may, therefore, be established at any pay 
grade up to E-9 as the needs of the service 
dictate, However, the concept of broad knowledge 
at the higher levels of the Navy's rating is the 
rule, and specialization at the higher pay grades 
is the exception, 


EMERGENCY RATINGS 


Emergency ratings identify occupational fields, 
encompassing civilian-acquired skills or quali- 
fications which are not required to be identified 
by rating in the peacetime Navy but which re- 
quire identification in wartime. At present, all 
emergency ratings, except Telecomm Censorship 
Technician (ESK), have been disestablished, 
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GENERAL RATES 


General rates arethe general apprenticeships, 
applicable to pay grades E-1, E-2,and E-3, which 
provide paths of approach to the various ratings. 
Within these apprenticeships, enlisted personnel 
receive their recruit training and initialtechnical 
training in preparation for advancement to petty 
officer status. The seven general rates are 
identified at the E-3 level as follows: 


Airman Hospitalman 
Constructionman Seaman 
Dentalman Stewardsman 
Fireman 


The E-1 level is identified by using the word 
"recruit"! with the general rate; the E-2 level 
by using the word ''apprentice."' 


RATING GROUPS 


The ratings have been organized into 12 oc- 
cupational groups. These groups are: I, Deck; 
II, Ordnance; III, Electronics; IV, Precision 
Equipment; V, Administrative and Clerical; VI, 
Miscellaneous; VII, Engineering and Hull; VIII, 
Construction; IX, Aviation; X, Medical; XI, Dental; 
and XII, Steward. 


PAY GRADES 


Pay grades are the levels established by 
legislation for pay and allowance purposes, The 
enlisted rating structure incorporates the en- 
listed pay grades in a manner which directly 
relates pay grades to ratings, thus establishing 
a firm path of advancement throughout the rat- 
ing range. The following table indicates the 
general relationship of pay grades to rating 
structure: 


Pay Grade Rate 

E-1 Seaman Recruit and the 
other recruit groups 

E-2 Seaman Apprentice and the 
other apprentice groups 

E-3 Seaman and the other 
groups 

E-4 Third Class Petty Officer 


of any rating 


E-5 Second Class Petty Officer 
of any rating 

E-6 First Class Petty Officer 
of any rating 

E-7 Chief Petty Officer of 
any rating 

E-8 Senior Chief Petty Officer 
of any rating 

E-9 Master Chief Petty Officer 


of any rating 


THE ILLUSTRATOR DRAFTSMAN 
RATING 


Ilustrator Draftsman (DM) belongs to rating 
group VI, Miscellaneous, The DM rating is a 
general rating at all levels. 

As an Illustrator Draftsman you will letter, 
sketch, design, and lay out signs, posters, charts, 
graphics, and training aids, In addition you will 
operate equipment used in visual presentations, 
and make mathematical computations for layout 
and design of illustrations. 

You may expect to be assigned to duty with 
units of the fleet and shore activities. Your nor- 
mal order of rotation will be from sea duty to 
shore duty or vice versa. General shore duty 
and preferred overseas shore duty will count 
as shore duty. All other types of duty will be 
considered sea duty. 

In the Atlantic area, you may be assigned to 
duty in areas, such as England, Spain, Italy, 
Iceland, and the Caribbean. In the Pacific area, 
you may be assigned to duty in Hawaii, Japan, 
Philippines, Guam, and Vietnam. You may be 
assigned to various shore stations or home- 
ports in the continental United States. Many 
Illustrator Draftsmen are assigned to various 
fleet staffs and joint service staffs, 


ADVANCEMENT 


Some of the rewards of advancement in rate 
are easy to see, You get more pay. Your job as- 
signments become more interesting and more 
challenging. You are regarded with greater re- 
spect by officers and enlisted personnel. You 
enjoy the satisfaction of getting ahead in your 
chosen Navy career, 

But the advantages of advancing in rate are 
not yours alone, The Navy also profits, Highly 
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trained personnel are essential to the function- 
ing of the Navy. By each advancement in rate, 
you increase your value to the Navy in two ways. 
First, you become more valuable as a specialist 
in your own rating. And second, you become more 
valuable as a person who can train others and 
thus make far-reaching contributions to the en- 
tire Navy. 


HOW TO QUALIFY FOR 
ADVANCEMENT 


What must you do to qualify for advancement 
in rate? The requirements may change from 
time to time, but usually you must: 


1. Have a certain amount of time in your 
present grade. 

2. Complete the required military and oc- 
cupational training courses, 

3. Demonstrate your ability to perform all 
the PRACTICAL requirements for advancement 
by completing the Record of Practical Factors, 
NavPers 1414/1. (In some cases the Record of 
Practical Factors may contain the old form num- 
ber, NavPers 760.) 

4, Be recommended by your commanding of- 
ficer, after the petty officers and officers super- 
vising your work have indicated that they con- 
sider you capable of performing the duties of 
the next higher rate. 

5. Demonstrate your KNOWLEDGE by pass- 
ing written examinations on the occupational and 
military qualification standards for advancement 
in rating. 


Some of these general requirements may be 
modified in certain ways, Figure 1-1 gives a 
more detailed view of the requirements for ad- 
vancement of active duty personnel; figure 1-2 
gives this information for inactive duty per- 
sonnel, 

Remember that the qualifications for advance- 
ment can change. Check with your division of- 
ficer or training officer to be sure that you know 
the most recent qualifications. 

Advancement is not automatic. Even though 
you have met all the requirements, including 
passing the written examinations, you may not 
be able to ‘‘sew оп the crow?! ог “ада a эре. 
The number of men in each rate and rating is 
controlled on a Navy-wide basis, Therefore, the 
number of men that may be advanced is limit- 
ed by the number of vacancies that exist, When 
the number of men passing the examination ex- 
ceeds the number of vacancies, some system 


must be used to determine which men may be 
advanced and which may not, The system used 
is the ‘‘final multiple? and is a combination 
of three types of advancement systems: 


Merit rating system; 
Personnel testing system; 
Longevity, or seniority, system, 


The Navy's system provides credit for per- 
formance, knowledge, and seniority, and, while 
it cannot guarantee that any one person will be 
advanced, it does guarantee that all men within 
a particular rating will have equal advancement 
opportunity. 

The following factors are considered in com- 
puting the final multiple: 





Factor. Maximum Credit — 
Examination score 80 
Performance factor 

(Performance evaluation) 50 
Length of service 
(years x 1) 20 
Service in pay grade 
(years x 2) 20 
Medals and awards 15 
185 


All of the above information (except the ex- 
amination score) is submitted to the Naval Ex- 
amining Center with your examination answer 
sheet, After grading, the examination scores, 
for those passing, are added to the other factors 
to arrive at the final multipe. A precedence list, 
which is based on final multiples, is then pre- 
pared for each pay grade within each rating. Ad- 
vancement authorizations are then issued, be- 
ginning at the top of the list, for the number of 
men needed to fill the existing vacancies. 


HOW TO PREPARE FOR 
ADVANCEMENT 


What must you do to prepare for advance- 
ment? You must study the qualifications for 
advancement, work on the practical factors, 
study the required rate training manuals, and 
study other material that is required for ad- 
vancement in your rating. To prepare for ad- 
vancement, you will need to be familiar with (1) 
the Quals Manual, (2) the Record of Practical 
Factors, (3) Bibliography for Advancement Study, 
NavTra 10052, and (4) applicable rate training 
manuals, The following sections describe them 
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Figure 1-1. — Active duty advancement requirements, 
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AUTHORIZATION — Naval Examining Center 


* All advancements require commanding officer’s recommendation, 

+ 1 year obligated service required for Е-5, and E-6: 2 years for E-7,E-8, and Е-9, 
# Military leadership exam required for Е-4 and Е-5, 

** For E-2 to E-3, NAVEXAMCEN exams or locally prepared tests may be used. 
tt Waived for qualified EOD personnel. 


Figure 1-2.-- Inactive duty advancement requirements, 
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and give you some practical suggestions оп how 
to use them in preparing for advancement, 


Quals Manual 


The Manual of Qualifications for Advance- 


ment, NavPers 18068C (with changes,) gives the 
minimum occupational and military qualification 
standards for advancement to each pay grade 
within each rating. This manual is usually called 
the ''Quals Manual,'' and the qualification them- 
selves are often called ''quals.'' The qualification 
standards are of two general types: (1) military 
qualification standards and (2) occupational quali- 
fication standards, 


MILITARY STANDARDS, — are requirements 
that apply to all ratings rather than to any one 
particular rating. Military requirements for ad- 
vancement to third class and second class petty 
officer rates deal with military conduct, naval 
organization, military justice, security, watch 
standing, and other subjects which are required 
of petty officers in all ratings. 


OCCUPATIONAL STANDARDS,—are require- 
ments that are directly related to the work of 
each rating. 

Both the military requirements and the oc- 
cupational qualification standards are divided 
into subject matter groups; then, within each 
subject matter group, they are divided into 
PRACTICAL FACTORS and KNOWLEDGE FAC- 
TORS, Practical factors are things you must 
be able to DO, Knowledge factors are things 
you must KNOW in order to perform the duties 
of your rating. 

In most subject matter areas, you will find 
both practical factor and knowledge factor qual- 
ifications. Іп some subject matter areas, you 
may find only one or the other, It is important 
to remember that there are some knowledge as- 
pects to all practical factors, and some practical 
aspects to most knowledge factors. Therefore, 
even if the Quals Manual indicates that there are 
no knowledge factors for a given subject matter 
area, you may still expect to find examination 
questions dealing with the knowledge aspects of 
the practical factors listed in that subject matter 
area, 

You are required to pass a Navywide military 
/leadership examination for E-4 or E-5, as 
appropriate, before you take the occupational 
examinations, The military/leadership exami- 
nations are administered on a schedule determined 


by your commanding officer. Candidates are re- 
quired to pass the applicable military/leadership 
examination only once, Each ofthese examinations 
consists of 100 questions based on information 
contained in Military Requirements for Petty Of- 
ficers 3 and 2, NavPers 10056 (current edition) 
and in other publications listed in Bibliography 
for Advancement Study, NavTra 10052 (current 
edition). 

The Navywide occupational examinations for 
pay grades E-4 and E-5 will contain 150 ques- 
tions related to occupational areas of your rating. 

If you are working for advancement to second 
class, remember that you may be examined on 
third class qualifications as well as on second 
class qualifications. 

The Quals Manual is kept current by means of 
changes. The occupational qualifications for your 
rating which are covered in this training manual 
were current at the time the manual was printed, 
By the time you are studying this manual, how- 
ever, the quals for your rating may have been 
changed. Never trust any set of quals until you 
have checked it against an UP-TO-DATE copy 


in the Quals Manual, 


Record of Practical Factors 


Before you can take the servicewide ex- 
amination for advancement, there must be an 
entry in your service record to show that you 
have qualified in the practical factors of both 
th military qualifications and the occupational 
qualifications, The RECORD OF PRACTICAL 
FACTORS mentioned earlier, is used to keep a 
record of your practical factor qualifications. 
This form is available for each rating. The form 
lists all practical factors, both military and 
occupational, As you demonstrate your ability 
to perform each practical factor, appropriate 
entries are made in the DATE and INITIALS 
columns, 

Changes are made periodically to the Man- 
ual of Qualifications for Advancement, and re- 
vised forms of NavPers 1414/1 are provided 
when necessary. Extra space is allowed on the 
Record of Practical Factors for entering ad- 
ditional practical factors as they are published 
in changes to the Quals Manual, The Record of 
Practical Factors also provides space for re- 
cording demonstrated proficiency in skills which 
are within the general scope of the rating but 
which are not identified as minimum qualifica- 
tions for advancement, 

Until completed, the NavPers 1414/1 isusually 
held by your division officer; after completion, 
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it is forwarded to the personnel office for in- 
sertion in your service record. If you are 
transferred before qualifying in all practical 
factors, the incomplete form should be for- 
warded with your service record to your next 
duty station, You can save yourself a lot of 
trouble by making sure that this form is actually 
inserted in your service record before you are 
transferred, If the form is not in your service 
record, you may be required to start all over 
again and requalify in the practical factors which 
have already been checked off. 


NavTra 10052 


| Bibliography for Advancement Study, NavTra 
10052 (revised), is a very important publication 


for any enlisted person preparing for advance- 
ment, This bibliography lists required andrec- 
ommended rate training manuals and other 
reference material to be used by personnel 
working for advancement, 

NavTra 10052 is revised and issued once 
each year by the Training Command, Each 
revised edition is identified by a letter following 
the number, When using this publication, be 
SURE that you have the most recent edition, 

If extensive changes in qualifications occur 
in any rating between the annual revisions of 
NavTra 10052, a supplementary list of study 
material may be issued in the form of a Notice, 
When you are preparing for advancement, check 
to see whether changes have been made in the 
qualifications for your rating. If changes have 
been made, see if a Notice has been issued to 
supplement NavTra 10052 for your rating. 

The required and recommended references 
are listed by paygrade in NavTra 10052, If you 
are working for advancement to third class, study 
the material that is listed for third class, If 
you are working for advancement to second class, 
study the material that is listed for second 
class; but remember that you are also re- 
sponsible for the references listed at the third 
class level. 

In using NavTra 10052, you will notice that 
some rate training manuals are marked with an 
asterisk (%), Any manual marked in this way is 
MANDATORY — that is, it must be completed at 
the indicated rate level before you can be eligible 
to take the servicewide examination for advance- 
ment. Each mandatory manual may be completed 
by (1) passing the appropriate enlisted cor- 
respondence course that is based on the man- 
datory training manual; (2) passing locally pre- 
pared tests based on the information given in 


the training manual; or (3) in some cases, suc- 
cessful completing an appropriate Class A 
course, 

Do not overlook the section of NavTra 10052 
which lists the required and recommended ref- 
erences relating to the military qualification 
standards for advancement, Personnel of ALL 
ratings must complete the mandatory military 
requirements training manual for the appropri- 
ate rate level before they can be eligible to 
advance, 

The references in NavTra 10052 which are 
recommended by not mandatory should also be 
studied carefully. ALL references listed in Nav- 
Tra 10052 may be used as source material for 
the written examinations, at the appropriate 
rate levels, 


In your own particular case, you must also 


Study certain parts of the basic training manual, 


Mathematics, Volume 1, NavPers 10069-C, These 
parts (pages 86-97, chapter 9, and pages 199- 
206) will help you meet the mathematics qual- 
fication standards of your rating; namely, the 
E-4 knowledge factor on elementary algebra, the 
E-5 knowledge factor onelementary trigonometry 
of the right triangle, and the E-5 practical factor 
on the use of a slide rule to make necessary 
computations. 


Rate Training Manuals 


There are two general types of rate training 
manuals, RATING manuals (such as this one) 
are prepared for most enlisted ratings. A rat- 
ing manual gives information that is directly 
related to the occupational qualifications of ONE 
rating, SUBJECT MATTER manuals or BASIC 
manuals give information that applies to more 
than one rating. 

Rate training manuals are revised from time 
to time to keep them up to date technically. The 
revision of a rate training manual is identified 
by a letter following the NavPers number, You 
can tell whether any particular copy of a training 
manual is the latest edition by checking the Nav- 
Pers number and the letter following this number 
in the most recent edition of List of Training 
Manuals and Correspondence Courses, NavPers 
10061. (NavPers 10061 is actually a catalog that 
lists all current training manuals and согге- 
spondence courses; you will find this catalog use- 
ful in planning your study program.) 

Each time a rate training manual is revised, 
it is brought into conformance with the official 
publications and directives on which it is based; 
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but during the life of any edition, discrepancies 
between the manual and the official sources are 
almost certain to arise because of changes to 
the latter which are issued in the interim, In 
the performance of your duties, you should al- 
ways refer to the appropriate official publication 
or directive, If the official source is listed in 
NavTra 10052, the Naval Examining Center uses 
it as a source of questions in preparing the 
fleetwide examinations for advancement, In case 
of discrepancy between any publications listed in 
NavTra 10052 for a given rate, the examining 
center will use the most recent material, 


HOW TO STUDY 


Rate training manuals are designed to help 
you prepare for advancement, The following 
suggestions may help you to make the best use 
of this manual and other Navy training publica- 
tions when you are preparing for advancement, 


1. Study the military qualifications and the 
occupational qualifications for your rating be- 
fore you study the training manual, and refer to 
the quals frequently as you study, Remember, 
you are studying the manual primarily in order 
to meet these quals. 

2, Set up a regular study plan. It will probably 
be easier for you to stick to а schedule if you 
can plan to study at the same time each дау, 
If possible, schedule your studying for a time of 
day when you will not have too many interruptions 
or distractions. 

3, Before you begin to study any part of the 
manual intensively, become familiar with the 
entire book, Read the preface and the table of 
contents, Check through the index, Look at the 
appendixes, Thumb through the book without any 
particular plan, looking at the illustrations and 
reading bits here and there as you see things 
that interest you. 

4. Look at the training manual in more de- 
tail, to see how it is organized, Look at the table 
of contents again, Then, chapter by chapter, read 
the introduction, the headings, and the sub- 
headings. This will give you а pretty clear pic- 
ture of the scope and content of the book, As you 
look through the book in this way, ask yourself 
some questions: 


What do I need to learn about this? 

What doIalready know about this? 

How is this information related to informa- 
tion given in other chapters? 

e How is this information related to the 
qualifications for advancement? 


5. When you have a general idea of what is 
in the training manual and how itis organized, fill 
in the details by intensive study. In each study 
period, try to cover a complete unit— it may be 
a chapter, a section of a chapter,or a subsection, 
The amount of material that you can cover at one 
time will vary. If you know the subject well, or 
if the material is easy, you can cover quite a 
lot at one time. Difficult or unfamiliar material 
will require more study time. 

6. In studying any one unit— chapter, section, 
or subsection— write down the questions that oc- 
cur to you. Many people find it helpful to make 
a written outline of the unit as they study, or at 
least to write down the most important ideas. 

7, Ав you study, relate the information in the 
training manual to the knowledge you already have, 
When you read about a process, a skill, ora 
Situation, try to see how this information ties in 
with your own past experience, 

8, When you have finished studying a unit, 
take time out to see what you have learned, Look 
back over your notes and questions. Maybe some 
of your questions have been answered, but per- 
haps you still have some that are not answered, 
Without looking at the training manual, write 
down the main ideas that you have gotten from 
studying this unit, Don't just quote the book, If 
you can't give these ideas in your own words, 
the chances are that you have not really mastered 
the information. 

9, Use enlisted correspondence courses when- 
ever you can, The correspondence courses are 
based on rate training manuals or on other 
appropriate texts, As mentioned before, com- 
pletion of а mandatory rate training manual can 
be accomplished by passing an enlisted cor- 
respondence course based on the rate training 
manual. You will probably find it helpful to take 
other correspondence courses, as well as those 
based on mandatory manuals. Taking a cor- 
respondence course helps you to master the 
information given in the training manual, and 
also helps you see how much you have learned, 

10, Think of your future as you study rate 
training manuals, You are working for advance- 
ment to third class or second class right now, 
but some day you will be working toward higher 
rates, Anything extra that you can learn now 
will help you both now and later, 


SOURCES OF INFORMATION 


Besides training manuals, NavTra 10052 lists 
official publications on which you may be ех- 
amined, You should not only study the sections 
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required, but should become as familiar as 
possible with all publications you use. 

One of the most useful things you can learn 
about a subject is how to find out more about 
it. No single publication can give you all the 
information you need to perform the duties of 
your rating. You should learn where to look 
for accurate, authoritative, up-to-date informa- 
tion on all subjects related to the military re- 
quirements for advancement and the professional 
qualifications of your rating, 


GOVERNMENT PUBLICATIONS 
Military standards for engineering drawings 


and for illustrations of technical manuals are 
published with MIL-STD publication numbers. 


Current standards are listed in the Department 
of Defense Index of Specifications and Standards, 
the use of which is described in detail in chapter 
6. 

You should obtain a сору of those standards 
pertaining to the work done in your command 
and should request that all of the standards 
currently applying to illustrative drafting be 
obtained for use in studying, 


TEXTBOOKS 


There is a wealth of information for the 
Illustrator Draftsman in pamphlets, handbooks, 
and texts emanating from manufacturers, techni- 
cal and professional societies and private pub- 
lishing houses, 


СНАРТЕВ 2 
ADMINISTRATION 


Ав а DM3 ог DM2 you will be required to per- 
form administrative duties in support of the 
graphics shop's mission, 

This chapter will discuss files, supply, and 
security. When you complete this chapter you 
will be able to maintain a graphics shop's filing 
system, determine stock levels, prepare re- 
quisitions and stock level reports, and explain 
and perform security requirements as they apply 
to the DM rating. When studying this and other 
chapters refer often to the glossary, appendix 1 
in the back of this manual, 


FILING SYSTEMS 


There are no graphics shops that have ex- 
actly the same filing requirements. Your com- 
mand's needs will dictate the makeup of your 
files. However, a typical set of files might 
contain original line drawings, art work, re- 
producible duplicates, and reference material. 

Two workable filing systems are described 
in this chapter. The first is described in The 
Standard Subject Identification Codes SECNAV- 
INST 5210.11. This code is designed for files 
that contain a broad coverage of subjects. The 
second system is the serial number system. 
This system is designed for files that contain 
a limited number of subjects. It follows then, 
that when setting up a filing system, you must 
select the code or system, or combination of 
them, that will best serve your commands mis- 
Sion. 

It is the responsibility of the PO in charge 
of a graphics shop to establish and maintain a 
workable filing system. 

The man who is responsible for the files 
has a very important function in the effective 
accomplishment of the graphics shop's mission, 

One man should have the sole responsibility 
of maintaining the files. However, all men in the 
shop should be trained to perform this duty. 
Tasks may include: assigning file numbers to 


new work; locating and removing originals and 
duplicates from the files; returning file material 
to its proper place and maintaining a cross 
reference file. 


One of the best indications of an effective 
filing system is the ability to promptly locate 
the material contained therein, Since information 
is often needed without warning and without delay, 
an incomplete file or one into which documents 
have been thrown without sorting into chronologi- 
cal or other order may be as useless as none 
at all. The system must be uniform, and every- 
body in the office should be acquainted with it. 
Therefore, unless the man in charge of the files 
has a workable system for locating and filing 
material, he is not only in for considerable 
embarrassment when unable to deliver a parti- 
cular piece of material, but more important, 
his seniors will not be able to receive the as- 
sistance they have a right to expect. 


STANDARD SUBJECT IDENTIFICATION 
CODES 


The Standard Subject Identification Codes, 
SECNAVINST 5210.11, provides a single standard 
subject scheme to be used in the basic classi- 
fication structure for classifying (numbering), 
arranging, and filing. The system covers most 
subjects found in general correspondence and sub- 
ject files within the Navy. 


SECNAVINST 5210.11 is divided into three sec- 
tions: 


1. Section I - Numerical Classification con- 
sisting of thirteen major numberical series; 

2. Section II - Alphabetical - Numerical 
codes for commonly used names and titles; and 

3. Section HI - Alphabetical (topical) guide to 
assist activities in locating numerical subject 
identification codes. 
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Numerical Subject Groups 


There are 18 major numerical subject groups 
under the Navy's standard numerical table, each 
group is identified by a four or five digit numeric 
code, They are: 


1000 Series Military Personnel 
2000 SeriesCommunications 
3000 Series Operations and Readiness 
4000 Series Logistics 
5000 Series General Administration and 
Management 
6000 Series Medicine and Dentistry 
7000 Series Financial Management 
8000 Series Ordnance Material 
9000 Series Ships Design and Ships Material 
10000 Series General Material 
11000 Series Facilities and Activities Ashore 
12000 Series Civilian Personnel 
13000 Series Aeronautical and Astronautical 
Material 


These major groups are subdivided into pri- 
mary, secondary, and sometimes tertiary break- 
downs. Primary subjects are designated by the last 
3 digits (the hundred group) of the code number, 
secondary subjects by the last 2 digits, andterti- 
ary breaks by the final digit. For example: 


5000 General Administration and Management 
5200 Management Programs and Techniques 
5210 Office Methods and Paperwork 
Management 
5211 Files and Record Systems 
5300 Manpower/Personnel 
5400 Organization, Functions, Status, etc. 


Some of the smaller subject groups are not 
subdivided below the primary breakdown, while 
larger groups may have secondary and tertiary 
divisions as needed, 


Name-Title Subject Codes 


Material relating solely to specific organi- 
zations, transactions, titles, or names may be 
identified and filed under the pertinent symbol 
for the name or title contained in Section II of 
SECNAVINST 5210.00. The name-title symbols 
are alphabetic or alphabetic-numeric codes for 
names and titles frequently used by the Depart- 
ment of the Navy. They include symbols for fleet 
organizations, the U. S. Government, foreign 
governments, commercial enterprises andfirms, 
and types of naval activities. 
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The first letter of the name or title coded 
designates the larger group. For example, ''F'' 
designates the Operating Forces, ''FF'' desig- 
nates fleets, forces, types, and sea frontiers of 
the Operating Forces. 

An Arabic numeral added to the letter symbol 
further subdivides the code. For example: 


FF Fleets, Forces, Types, Areas and Sea 
Frontiers 
КЕ! U.S. Fleet 
ҒЕЗ U. S, Task Forces, Groups, and Units 


Alphabetical (Topical) Guide 


To assist activities in locating numerical 
subject identification codes section III, SEC- 
NAVINST 5210.11, alphabetically lists subjects 
most frequently used. This guide is to assist 
you in locating numerical classifications. For 
instance you may know your subject is portable 
tools, but you don't know what the numerical 
classification is. Looking under the T's you find 
"Tools, portable (shipboard)''; listed will be the 
numerical classification 9920. 


SERIAL NUMBER SYSTEM 


A second type of filing system is the serial 
number system. This system consists of a num- 
erical sequence filing procedure similar to the 
"Dewey Decimal Буфет! used in libraries, 
Filing material in numerical sequence, by serial 
number, avoids the necessity of shifting files 
to make space for added items having lower 
serial numbers. Later items need only be added 
to the file in numerical order, However, one dis- 
advantage of this system is that the serial number 
gives no clue to the title or the subject. 

In order to facilitate finding material on a 
particular subject, record files must be kept. 
These record files consist of cards which carry 
the title, file number of each item, and other 
pertinent identifying information. These cards 
are, in turn, filed alphabetically by subject group- 
ings and numeric file number. 

An example of a subject group cardis shown in 
figure 2-1. Each card contains a subject heading, 
in this case ships, which is further subdivided into 
submarines and classes of submarines, This card 
reveals every piece of material on the 615 class 
Polaris Submarine that the command has avail- 
able, the title or view description of each item, 
date made, medium used for the original, Classi- 
fication, file number, and reproductions made 
from the originals. 
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SUBJECT TYPE CLASS 
SHIPS SUBMARINES SSB (М) 615 
Е Е 
ОАТЕ ORIGINAL FILE 
TITLE OR VIEW MADE MMEDIUM CLASSIFICATION NUMBER REPRODUCTIONS 








































LEGEND: 


Р-РАРЕН COPY SF-STANDARD FILE CABINET 
SL-35mm SLIDE LA- LARGE FILE 
TR-TRANSPARENCY SC-SLIDE STORAGE CONTAINER 


L-LANTERN SLIDE S- CLASSIFIED CONTAINER 


149.2 
Figure 2-1. — Subject group card for record files. 


To locate a specific drawing, for example, from magazines, newspapers, catalogs, books, 
Polaris submarine antennas, your first step is and other printed sources, This file is called 
to locate the subject group card, A glance at the a picture morgue or ''scrap'' file. Making such 
view description or title column reveals that a file is a time-consuming job, but you will be 
item number 4 is a silhouette of a Polaris sub- surprised at how much you will learn from this 
marine that shows the antenna locations. Am- activity and what a marvelous timesaver it will 
plifying information such as the date the draw- become for your shop. In addition to being an 
ing was made, the medium апа drawing excellent source of information, the picture 
classification is also included. Includedincolumn morgue is a rich source of picture ideas. If 
6 is the file number (1053) and that the drawing there is no picture morgue at your command 
is located in the standard file cabinet (SF). In now, start one right away. If there is one, you 
the ''reproductions made'' column the code letters must always be adding to it. 

SL mean that a 35-mm slide has been made of 


the original and SC tells you the slide is on file The job of selecting pictures for yourref- 
in a slide storage container. erence morgue will help to develop your sense 

of observation, The average person is just a 
PICTURE MORGUE casual viewer when he is looking through maga- 


Zines, books and such. The pictures pass by, 


One of the biggest assets, to an Illustrator опе by one in a constant parade, they are only 
Draftsman is a good file of picture clippings recordings of things and places, But, as an 
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illustrator, you should go through these pub- 
lications with a definite purpose in mind, You 
are not just browsing but should be considering 
each picture for a specific place or category 
in your morgue, or in relationship to your 
work, This will heighten your interest in the 
picture and the subject enormously. To decide 
whether a particular picture will be useful to 
you or not, you must study it objectively for 
as long as a time as necessary for it to register 
in your subconscious mind. Inevitably you will 
retain something of it, and your powers of 
observation will be sharpened. 


How To Start A Picture Morgue 


The picture file you start is useful only if 
it is kept as orderly as your regular files, 

The system described here is very basic, 
but can be easily expanded as material is added. 

Because you will want to file many pieces 
of material which may be quite small, it is 
best to use lettersize folders which have tabs 
for identification, In this way, all of the material 
under a particular category may be filed to- 
gether with less chance of it becoming lost, 


Picture Sources 


Magazines, books, and newspapers are the 
best sources for pictures, Almost any magazine 
contains photographs worth clipping. The best 
ones, of course, are the picture magazines, 
the home and garden, fashion, and travel publi- 
cations. Many cheap and otherwise useless books 
may have pictures you can clip. Newspapers are 
sources for material on current events, fashions, 
auto accidents, sports, political cartoon features, 
and countless other subjects. 


Clipping 


Start by prying out the staples and taking the 
magazine apart. When a picture is too large for 
your folder, fold it with the picture side out. If 
you cut away any descriptive test or ifthe caption 
does not identify the picture sufficiently, write 
on the picture such information as necessary to 
identify it, Date each picture with both year and 
month and write the publisher's name on it so 
you can identify its source, 

Material you clip may be covered by a copy- 
right. Reproducing or publishing а copyrighted 
work without permission is considered as an 
infringement of copyright and is punishable by 
a fine for each violation, SECNAVINST 5870.11 


() prescribes Department of the Navy policies 
and procedures pertaining to the use of copy- 
righted materials. 


What to Clip 


You should have clippings on almost every 
subject, You may not be interested in every 
subject the day you clip it, but next month or 
next year you may have to make a picture of 
it. Most fashion photographs are less valuable 
for the fashions than for the chair used by 
the model or some other decorative note. Some 
pictures may seem too small, but they may be 
worth saving for some ideas they contain. An 
intriguing pose, dramatic lighting effect, or un- 
usual action may suggest a picture to you some- 
day. The file is not only a reference, but also 
an outstanding source for ideas, suggesting the 
mood or atmosphere for your particular assign- 
ment. 


How To Classify 


As with any filing system, good filing means 
putting your clippings where you can find them 
when you need them. The chart in figure 2-2 
Shows a possible way to classify material. If 
you are just initiating this system, you will need 
only one folder for each general subject shown 
in column I As your picture morgue grows, 
you will have enough material to require ad- 
ditional classification, as shown in column II. 
When you have collected enough to really bulge 
your folders, you will have to further subdivide 
your clippings into more specific subjects such 
as those in column III. Figure 2-2 is onlya 
sample of some of the possible headings you 
may use. Your own needs will decide just which 
ones are best for you. 

While the subjects in column III (of fig. 2-2 
may usually be filed in alphabetical order, there 
is no need in keeping the main divisions, columns 
I and II in that order. It is better to consider 
what your needs will be and keep the general 
subjects you use most where they will be most 
accessible, 


Filing Suggestions 


The method of filing shown in figure 2-3 
keeps all of the folders under one general sub- 
ject rather than having them scattered as they 
would be if all the subjects were simply filed 
alphabetically. 
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COLUMN 1 COLUMN 11 COLUMN 111 


ANGLE - FULLFACE - PROFILE - MATURE - OLD - BEARDED - TOUGH - EMOTION & EXPRESSIONS - POSITIONS 
ANGLE - FULLFACE - PROFILE - MATURE - OLD - EMOTION & EXPRESSIONS - POSITIONS 


PEOPLE 
CHILDREN BABIES - BOYS - GIRLS - TEENAGE - PLZ YGROUNDS - NURSERY - FURNITURE - TOYS 
MISCELLANEOUS EMBRACES - CROWDS - FAMOUS PEOPLES... _ ___ 


NAVY ENLISTED - ARMY ENLISTED - А.Ғ. ENLISTED - MARINE ENLISTED - OFFICERS - COMBAT UNIFORMS 
COSTUME PERIOD ANCIENT - 15TH CENTURY & BEFORE - 16TH CENTURY - 17TH CENTURY - 18TH CENTURY - 19TH CENTURY - 20TH CENTURY 
MISCELLANEOUS ASTRONAUT UNIFORMS - WOMEN'S FASHIONS - CHILDREN’S FASHIONS - ARMOR - ROYALTY - STAGE ACCESSORIES 

AIRCRAFT NAVY FIGHTER/BOMBER - A.F. FIGHTER/SOMBER - CARGO - HELICOPTERS - AIRPORTS - PARACHUTES 


NAVY COMBAT - CARRIERS - CRUISERS - DESTROYERS - SUBMARINES - MERCHANT - OCEANLINERS 
CURRENT - FOREIGN - PERIOD - STATION WAGONS - JEEPS - MILITARY VEHICLES 








TRANS - 
POR TATION 


AUTOMOBILE 


TRAINS - RAILROAD STATIONS - BUSES - STREETCARS - SUBWAYS - TAXIS - LUGGAGE 
TRUCKS - TRAILERS - WAGONS - CARRIAGES - FILLING STATIONS - GARAGES - CAMPERS 


PUBLIC 
MISCELLANEOUS 
DOORS - WINDOWS - FENCES - WALLS - STAIRS 

DOOR - WINDOWS - WALL - STAIRS - FLOORS - FIREPLACES 

PIECES - CHAIRS - SOFAS - TABLES - DESKS - FURNISHINGS SY PERIODS 
DECOR - LAMPS - CLOCKS - MIRRORS - TABLE SERVICE 

ROOMS - LIVING ROOM - DINING ROOM - BEDROOM - BATHROOM - KITCHENS 


EXTERIOR 
INTERIOR 


HOUSING 
(BARRACKS) 














ENGLAND - FRANCE - AUSTRIA - GERMANY - ITALY - RUSSIA 

CHINA - KOREA - VIETNAM - INDIA - EGYPT - AFRICA 

BERMUDA - FORMOSA - PHILIPPINES - SOUTH SEAS - WEST INDIAS - HAWAII 

ARCTIC - ANTARCTIC - AUSTRALIA - CANADA - SOUTH & CENTRAL AMERICA - MEXICO 


ASIA & AFRICA 
ISLANDS 
MISCELLANEOUS 
TREES 
SNOW & WATER 
NATURE 
FLOWERS & GARDENS 
MISCELLANEOUS 
DOMESTIC 
WILD 
ANIMALS 
FISH/SEA LIFE 
MISCELLANEOUS 
EVENTS 
INDIVIDUAL 
STORES & OFFICES 
INDUSTRY 
INDUSTRY 


ART 
ART & SCIENCE 
SCIENCE 


MUSIC 


IN BLOSSOM - WITH LEAVES - BARE BRANCHES - BARK & TRUNK - TROPICAL - UNUSUAL 
ICE - SNOW - WATER 

FLOWERS - PLANTS - VINES - GARDENS - GARDEN FIXTURES & TOOLS 

CLOUDS - LIGHTENING - RAIN - MOUNTAINS - ROCKS 

CATS - DOGS - HORSES - CATTLE - GOATS - SHEEP - RABBITS - RODENTS - SWINE 

BEARS - CAMELS - DEER - ELEPHANTS - FOX & WOLF - LIONS & WILD CATS - MONKEYS 
SHARKS, DOLPHINS, WHALES - FRESH WATER FISH - ALLIGATORS 

BIRDS - FOWL - INSECTS - REPTILES 

AUTO RACING - BASEBALL - BASKETBALL - BOXING - BULLFIGHTING - FOOTBALL - TRACK 





ARCHERY - BOWLING - CAMPS & РІСМІС5- CYCLING - FISHING - GOLF - HUNTING & SHOOTING 
TENNIS - SWIMMING - SKIING - WATER SKIING - WINTER SPORTS 
BARBER SHOP - BEAUTY SHOP - DEPARTMENT STORES - DRUG STORES - FOOD STORES - BANKS 





FARM HOUSES - BARNS - FARM EQUIPMENT - FARM SCENES 

CHEMICAL - CONSTRUCTION - DIARY - FACTORIES - MINING - OIL - STEEL - WOOD 
ART - COLOR - COMPOSITION - SCULPTURE 

MEDICAL - HOSPITALS - DENTAL - LABORATORIES - ASTRONOMY 








DRUMS - STRING - WIND - SYMPHONY - SINGERS 
DANCE 
THEATER 


BALLET - BALLROOM - STAGE 
THEATERS - DRESSING ROOMS - HOLLYWOOD 


ENTERTAINMENT 


MISCELLANEOUS 
CHURCH & SCHOOL 


RADIO BROADCASTS - TELEVISION - CARNIVALS - CIRCUS 
CHURCH - COLLEGE - SCHOOLS - WEDDINGS 


DISASTER 
GOVERNMENT 


EXPLOSIONS - FIRES - FLOODS - STORMS - PICKETING 
POLICE - PRISONS - POST OFFICE - U.S. GOVERNMENT 


'MISCELLANEOUS | REGIONAL AMERICA 
STREET SCENES 
SPACE SCENES 


MISCELLANEOUS 


CALIF. - FLORIDA - N.Y. - WASH., D.C. - EAST, MIDDLE WEST - SOUTH - WEST 
STREET SCENES - BRIDGES - TUNNELS 

RENDEZVOUS - SPACE SHOTS - SPACE WALKERS - RE-ENTRY SHOTS 

FLAGS - FOOD - HOLIDAYS - TELEPHONES - WAR SCENES 





| 


Figure 2-2, — Sample classification chart for setting up picture morgue. 149,8 
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3-25 HOUSING, EXTERIOR, 
WALLS & FENCES 
























3-24 HOUSING, EXTERIOR, 
PORCHES & TERRACES 


3-23 HOUSING, EXTERIOR, 
STAIRS 


3-22 HOUSING, EXTERIOR, 
DOORS & WINDOWS 


3-21 HOUSING, EXTERIOR, 
GARAGES 


3-17 HOUSING, INTERIOR, 
WALLS 


3-16 HOUSING, INTERIOR, 
FIREPLACES 






3-15 HOUSING, INTERIOR, 
HEATING, VENTILATION 


3-14 HOUSING, INTERIOR, 
LAUNDRY 


3-13 HOUSING, INTERIOR, 
STAIRS 


3-12 HOUSING, INTERIOR, 
WORKSHOPS & TOOLS 


3-11 HOUSING, INTERIOR, 
DOORS & WINDOWS 


149,9 
Figure 2-3, — Sample folder labels, 


When you label your folders put the general This would come only after your picture morgue 
classification and the specific classification on has become quite large in size, 
the first line, then on the next line record the 
subject title as shown in figure 2-3, Numbers Numbering 
may be added to the labels as shown in the 
illustration, Each category should be given a When your picture morgue has grown into a 
separate number, similar to the standard subject size to warrant it, you may find it easier to 
classification code file system already discussed. expand it if you add the numbering system to 
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your folders. For example, іп figure 2-3 show- 
ing sample folder labels, the subject HOUSING 
was given the number 3, the further break down 
of 3-11, HOUSING, INTERIOR, DOORS & WIN- 
DOWS. If you were to later reclassify this even 
further, you can simply add a letter to each 
folder, ав 3-11а, 3-11b, 3-11с, etc. This could 
be 3-11а HOUSING INTERIOR, DOORS & WIN- 
DOWS, EARLY AMERICAN; 3-11b, HOUSING, 
INTERIOR, DOORS & WINDOWS, ULTRA MOD- 
ERN; 3-11с, HOUSING, INTERIOR, DOORS ё 
WINDOWS, MODERN and во forth. 


FILING DATA 


Data relating to drawings, such as correspond- 
ence, should be filed by drawing numbers in a 
separate drawer or cabinet. 


FILING ORIGINALS 


The following sections discuss the matter 
of filing under quite ideal conditions—especially 
with regard to equipment, The equipment men- 
tioned here may or may not be available, 

Original drawings, tracings, and negatives 
are filed flat—never folded, For large items there 
are shallow-drawer flat files of the type shown 
in figure 2-4, There is usually a deep drawer 
in which very large drawings, tracings, or 
negatives, rolled and placed in cylindrical cartons 
called ‘тар cartons’’, may be stowed, 

Smaller items (up to size B, 11 in. x 17 in.) 
are stowed on edge in the standard deep-drawer 
type of cabinet, as shown in figure 2-5. Each 
drawer is divided into compartments by station- 
ary partitions, and in each compartment there 
is а “сотргеввог spring" to keep the drawings 
on edge and in a compressed stack, 


CHARGE OUT MATERIALS 


When anything is removed from files, a record 
must be made of its whereabouts, For this purpose 
you should use a FILE OUT CARD (NAVEXOS 
4178). Insert it in place of the record withdrawn, 
A supply of out cards should be kept at hand near 
the files. (See fig. 2-6.) 

An out card must contain adequate identi- 
fication of material removed, date of removal, 
and person to whom released. If out cards are 
retained after return of the material, the date 
of return should also be entered on the card. 

АП out cards should be checked periodically 
to note whether any materials have been out of 
the files too long. 
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45.298X 
Figure 2-4, — Shallow-drawer flat files for filing 
original drawings, tracings, and negatives. 


If material is filed loose, it is usual, on re- 
moving it from the files, to bind it to a backing 
board or place it in a fresh folder. When the 
material is returned, the board or folder is 
removed before the material is replaced in the 
files. 


SUPPLY 


Graphic art shops require equipment, equip- 
age, (articles that are portable and not altered in 
use), and consumable supplies to operate. Your 
supply department will support the material needs 
of your office, Read and study MILITARY RE- 
QUIREMENTS for PO 3/2 NavPers 10056- ( ), 
for coverage of supply functions. 


RESPONSIBILITIES 


As a petty officer you are responsible for the 
maintenance and upkeep of your office. Your duties 
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Figure 2-5. — Filing drawer with compressors used for filing "А" and "В" size drawings. 


will include estimating, storing, maintaining stock 
levels, material identification, and obtaining ser- 
vices, 


REPORTING 


The supply officer has the responsibility for 
maintaining adequate levels of general stores and 
repair parts for the entire ship. Department heads 
are responsible for reporting their requirements 
to the supply officer. You are responsible for 
reporting: 


FILE OUT CARD 


МАУЕХО6 4178 


OUT 


DESCRIPTION (File symbol, subject, and dote) 


1600 ВЕСТА HANTS 


SUBJECT 
CLASSIFICATION 
NUMBER AND 
SUBJECT 


2 (мовищцхо рио 'sequinu woo “уовлед) Ol G39¥VHD 





(1) normal and above normal material re- 
ments, 

(2) stock inventory, and (3) material that will 
no longer be required, 


PROCUREMENT AND ESTIMATING 


Equipment repairs will be accomplished either 
by the equipment operator or ship's force, For 
repairs beyond the capability of the ship's force, 
professional maintenance services will be ob- 
tained through your supply department, 


OUT 


CHARGED TO (Person, room number, and extension) Е 


2 / 4 Ig 


(мор puo ‘peigns ‘ояш 414) МОЦЯМО5ЗА 


GPO : 1967 0— 427396 


6.19 


Figure 2-6, — Sample file out card for use in keeping records of items removed from files, 
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When certain stock items reach а level of 
depletion, storekeepers can reorder them auto- 
matically, This system will not work for items 
stored in the graphics shop itself. Therefore, it 
will be necessary for you to keep a running іп- 
ventory of these items and reorder them through 
the supply office when they reach the low limit. 
A running inventory enables you to know ap- 
proximately how much stock you have on hand 
at any time and also serves as a guide to you in 
determining how much stock to order. 

To determine and obtain items of material 
required, you must be able to estimate regular 
and special needs. There are several aids you 
can use to guide you in estimating your needs, 


History 


The best starting point for estimating will be 
past stock usage. You will be able to find this 
information on the stock records storekeeper), 
and from your own inventory. 

To estimate what your future supply needs 
will be, a comparison is made of the items of 
stock that are used frequently and items that are 
used seldom. 

Endurance of items will be a factor. The 
average amount of time a requested item will 
take to reach you is also a consideration, 


Forthcoming Special Projects 


Known special project assignments will also 
play a part in your material estimation. Past 
experiences in the same or similar type projects 
will give you a basis for a material estimation. 


New Developments 


New capabilities will require careful esti- 
mations of required support material. Studying 
the new method should give you a basis on 
which to make an estimate, The point to keep 
in mind about this type of estimate is don't 
over order any item until you have used this 
new method and can determine a usage history. 


STORING 


Policies for storing supplies differ some- 
what between commands. Supplies may be for- 
warded to the graphics shop as soon as they are 
received by the supply department. When your 
supplies are Direct Turn-Over (DTO) to the 
graphics shop, it will be your responsibility 
to store them properly. 


Material that has a limited shelf life will 
require you to use a first in - first out system 
of storing. Diazo material are some of the items 
in this category. This system requires you to 
Store new supplies behind, or under, the older 
stock оп hand, so that the item with the oldest 
date is used first. 

You should mark items that are not plainly 
marked as to contentand date received, Markings 
will enable you to determine the contents with- 
out damaging the packaging at a later date, 
Dating will also show you which items are to be 
used first, 


SECURITY 


Eventually, in handling drawings and art 
work, you will need to know about classified 
information, You will not actually handle classi- 
fied information unless you have been authorized 
to do so by your commanding officer, but you 
will be expected to have some knowledge of the 
categories of classified matter and the rules 
of security. You should be able to recognize 
classified matter when you see it and know 
what to do- or not to do- with it. Read and 
study sections on security in the MILITARY 
REQUIREMENTS MANUALS, МауРегв 10054- 
() and 10056-( ) for additional security cover- 
age. 

In this section we will be concerned with 
presenting information that will prepare you 
for effectively performing your duties while 
handling classified matter, This information 
is taken from the Department of the Navy SE- 
CURITY MANUAL for CLASSIFIED INFORMA- 
TION, OpNavInst 5510.1C, All detailed regulations 
and guidance for classifying, marking and han- 
dling classified information, and for access there- 
to and disclosure thereof, are set forth in this 
manual, You should consult this manual for any 
inquiries you have about security. 


THE PURPOSE 


The security of the United States in general, 
and of naval operation in particular, depends 
in part upon the success attained in the safe- 
guarding of classified information, It is of para- 
mount importance that all who engage in ad- 
ministering security preserve a balanced and 
common sense outlook toward the subject, The 
ideal to be sought is the indoctrination of all 
personnel to the point that they automatically 
exercise proper discretion in the discharge 
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of their duties and do not think of security 
of classified information as something separate 
and apart from other things. In this way, se- 
curity of classified information becomes a natural 
element of every task and not an additionally 
imposed burden. The attainment of the desired 
objective requires sound direction from com- 
petent authority and full alertness and coopera- 
tiveness on the part of all subordinates, 


NEED TO KNOW 


Need to know is the term given to the re- 
quirement that the dissemination of classified 
information be limited strictly to those persons 
whose official military of other governmental 
duties require knowledge of possession thereof, 
Responsibility for determining whether a person's 
duties require that he possess or have access 
to classified information and whether he is 
authorized to receive it rests upon each in- 
dividual who has possession, knowledge, or com- 
mand control of the information involved and not 
upon the prospective recipient, This principle is 
applicable whether the prospective recipient is 
an individual, a command, a defense contractor, 
another Federal agency, or a foreign govern- 
ment, A ‘‘need to know’’ is recognized as es- 
tablished when ALL the following conditions 
exist: The disclosure is necessary in the inter- 
est of national defense; there clearly appears 
from the position, status, duties, and responsi- 
bilities of the applicant that he has a legitimate 
requirement for access to the classified in- 
formation in order to carry out his assigned 
duties and responsibilities; there is no other 
equal or ready source of the same classified 
information available to him; and the applicant 
is or can be appropriately cleared for access 
to the degree of classified information involved 
and is capable both physically and mentally of 
providing the degree of protection which that 
information requires. 


PREPARATION AND MARKING 


Each drawing or piece of art work is classi- 
fied according to the importance of the information 
contained in or revealed by it. The ultimate 
Classification of a set of drawings, art work, 
or material will depend upon the security classi- 
fication necessary to afford appropriate pro- 
tection for the highest classified item of in- 
formation within the material. 
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Authority to Classify 


To hold the number of classified documents 
to a reasonable level, the Chief of Naval Opera- 
tions, by means of the Security Manual, speci- 
fically designates those officials who have autho- 
rity to assign, or delegate the assignment of, an 
original classification. Such authority is a com- 
mand responsibility and ultimately falls within 
the preview of the originator of the document, 
Even though a commander may delegate his 
classification authority to subordinates, ulti- 
mately the commander is responsible for the 
proper classification of any information ori- 
ginated within his jurisdiction. 


Classification of Information 
According to Content 


A DM may be required to copy a portion 
of a classified drawing. This new drawing may 
or may not be classified, depending on its con- 
tent. 

Additionally, there will be occasions where 
it is necessary to combine information from 
materials bearing various classification mark- 
ings. In these cases, the final classification will 
be governed by the total content of the new draw- 
ing. The classification will be equal to the high- 
est classification of a component of the drawing. 
Determining the classification is the responsi- 
bility of the originator of the request for the 
drawing. 

In some cases, one must guard against com- 
bining innocuous bits-and-pieces of information 
into a presentation whose classification is higher 
than any of its component parts, On the other 
hand, overclassification must also be guarded 
against, To prevent overclassification or under- 
classification, the DM must keep an accurate 
record of his reference sources and their classi- 
fications. This information must then be рге- 
sented to the party who has the ultimate re- 
sponsibility for document classifications, so that 
he can make an intelligent and accurate decision 
regarding the assignment of the appropriate 
security classifications. 


Purposes of Security Markings 


Markings and notations required for classified 
material serve to record the classification de- 
cision, to inform and to warn recipients of the 
classification assigned, to indicate the level 
of protection required, to indicate the information 
that must be withheld from unauthorized persons, 
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to provide а basis for derivative (to obtain) 
classification and to facilitate downgrading and 
declassification actions. Classification categories 
such as top secret, secret and confidential are 
described in Basic Military Requirements, Nav- 
Pers 10054-( ). 


ART WORK, — Original art work must have 
the classification stamped or marked conspicu- 
ously on the top and bottom margins of the mount- 
ing board and on all overlays and cover sheets, 


CHARTS, MAPS, DRAWINGS, ETC, — Classi- 
fied charts, maps, tracings, photomaps, and 
drawings must bear the appropriate classification 
marking adjacent to the legend, title block, or 
scale, in such a manner as to differentiate 
between the classification assigned to the legend 
or title, The markings also will be inscribed at 
the top and bottom of each such document. Where 
the customary method of folding or rolling 
material would cover the classification markings, 
additional classification markings must be placed 
so as to be clearly visible when the document is 
folded or rolled. 


COPIES AND REPRODUCTIONS.—Classifica- 
tion markings must be made in such a manner that 
they will be reproduced on all copies and will be 
within the margins or borders remaining after 
trimming. All reproductions or copies of classi- 
fied materials, regardless of form, must bear 
clearly legible security markings and notations 
in the same manner as on the original material 
from which copied or reproduced. 


SIZE AND COLOR, — On documents the classi- 
fication markings of top secret, secret and con- 
fidential must be stamped, printed or written 
in capital letters that are larger than those used 
in the text of the document and when practicable, 
red in color. 


AUTOMATIC DOWNGRADING AND DE- 
CLASSIFICATION, — The originator of a classi- 
fied document must indicate on the face of the 
material the future date (if any) on which the 
classification may be lowered or dispensed with, 

Depending on the contents of the material, 
classified information is placed into one of four 
groups. The assigned category indicates whether 
the item may automatically be declassified at 
any time in the future, and if so, when, 

A document assigned to Group 1 is excluded 
from the system. 
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GROUP-1 


Excluded from automatic 


downgrading and 
declassification 





Group 2 A document originally classified top 
secret or secret is exempted from auto- 
matic downgrading or declassification 
because of its sensitive nature, 


GROUP-2 


Exempted from automatic 
downgrading 





Group 3 warrants some degree of classification 
indefinitely. It is downgraded at 12- 
year intervals but not automatically 
declassified. 


GROUP-3 


Downgraded at 12 year 
intervals; not 
automatically declassified 





Group 4 is downgraded at 8-уеаг intervals and 


is declassified after 12 years, 


GROUP-4 
Downgraded at 3 year 


intervals; declassified 
after 12 years 





The material in the above groups shall, upon 
receipt or origination, be conspicuously marked 
at least once, The markings as shown shall be 
placed immediately below, or adjacent to, and 
in conjunction with the external classification 
marking. If this is not practical, the marking 
shall be placed conspicuously іп а similarly 
prominent place. 


TRANSMISSION OF 
CLASSIFIED MATERIAL 


Any time material leaves the hands of an 
originator and is sent on its way to the address- 
ees, it is TRANSMITTED. Whether it goes by 
courier, by radio, or by mail, if it is classified, 
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it has to be safeguarded, The only possible way 
to obtain absolute transmission security is to 
refrain from communications over an extended 
period, Of course, this is impossible. Since the 
DM may be involved inthe production of classified 
material, it follows that he will also be con- 
cerned with its transmittal. Therefore, it is 
necessary that he have a thorough understanding 
of the rules for transmitting classified material. 


Method Transmission 


Top Secret material may be transmitted by 
direct personal contact of officials concerned, 
Armed Forces Courier Service, or electric 
means in encrypted form, Top Secret material 
must not be transmitted through the United 
States postal system or any foreign postal system, 

Secret material may be transmitted in any 
of the means approved for transmittal of Top 
Secret material and by United States registered 
mail. Confidential material is handled in the 
same manner as Secret, 

Top Secret material may be personally trans- 
mitted by military personnel, pay grade E-7 
or above, and 0.5. civilian employees, grade 
GS-7 and above, In addition, military personnel 
in pay grade E-5 and E-6 and U.S, civilian 
employees in grade GS-5 and GS-6 may trans- 
mit Top Secret material between Department 
of Defense elements located in relatively close 
proximity to one another, provided the trans- 
mission is completely accomplished during nor- 
mal daylight duty hours on the same day. In 
addition, all personnel transmitting Top Secret 
material must be cleared for access to Top 
Secret information and be specifically designated 
in writing to act as a courier. 


Preparation of Material 
For Transmission 


Whenever classified material is transmitted 
by other than electrical means in encrypted 
form, it must be enclosed in two opaque sealed 
containers, As long as this requirement is ob- 
served, the material may be wrapped, boxed, 
or crated, or a combination thereof, 

Classified written material must be folded 
or packed in such a manner that the text will 
not be in direct contact with the inner container, 
A receipt form must be attached to or enclosed 
in the inner container for all Top Secret and 
Secret material. Confidential material will re- 
quire a receipt only if the originator deems 
it necessary. 
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The mailing of written materials of different 
classifications in a single-package should be 
avoided whenever possible, When it is unavoid- 
able to send material of more than one classi- 
fication in a single package, the inner container 
must be marked with the highest classification 
of the contents, 

The inner container must show the address, 
classification (including where appropriate the 
"Restricted Баба!" marking), and any applicable 
special instructions. It must be carefully sealed 
to minimize the possibility of access without 
leaving evidence of tampering. 

The outer container must show the complete 
and correct address and the return address of 
the sender, This may be omitted for shipments 
in full truckload or carload lots. 

The outer container must not bear a classi- 
fication marking, a listing of the contents divulg- 
ing classified information, or any other un- 
usual data or marks which might invite special 
attention to the fact that the contents are classi- 
fied. 

Regulations for, transmitting classified ma- ' 
terial are found in chapter 7 of the Department 


of the Navy Security Manual for Classified 
Information, OPNAVINST 5510.1C, 


SUBVERSION OF MILITARY 
PERSONNEL 


There are a number of ways in which agents 
of foreign governments may attempt to subvert 
military personnel in order to gain access to 
security information. If you understand some of 
the methods used by foreign agents, you can be 
on the alert for actions that might get you in- 
volved with subversive parties, 

To begin with, it should be remembered that 
cost, time, and effort are no obstacles to a 
foreign government that is really out to get vital 
information, Trained agents may be sent to areas 
near military installations, where they may spend 
weeks, months, or even years establishing them- 
selves and becoming friendly with military per- 
sonnel. 

One of the commonest methods of subversion 
involves getting a hold over a person who might 
be in a position to obtain classified information. 
The hold can be almost anything— excessive 
drinking, illicit personal relationships, the use 
of drugs, or excessive monetary indebtedness, 
to name but a few of the habits or actions that 
have gotten people into trouble. A person with 
a problem of this sort is fair game for foreign 
agents, since he can be blackmailed into doing 
things that are in violation of security regulations, 
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Trained foreign agents know how to exploit 
weaknesses wherever they find them, For ex- 
ample, consider a petty officer who has gotten 
deeply in debt through gambling or just poor 
budgeting. The agent may skillfully get the man 
even deeper in debt, then lend him money to 
help him get out of trouble, Eventually the petty 
officer will find himself in a position where he 
feels that he cannot refuse to give the agent 
small and relatively unimportant pieces of in- 
formation, The information requested is usually 
minor, at first; but the demands increase as time 
goes on, and the petty officer may finally become 
so involved and so trapped that he ends up giving 
vital information to the foreign agent. 

A person who is married and has family 
obligations is a prime target for another approach. 
He may be taken to parties or other social 
gatherings and introduced to women who, un- 
known to him, are actually foreign agents or 
in the pay of foreign agents. If the military man 
becomes sufficiently involved with one of these 
women, all meetings and actions are recorded 
and photographed without the victim's knowledge, 
When sufficient evidence has accumulated, the 
victim is blackmailed into turning over infor- 
mation, Small bits of relatively unimportant 
information may be requested at first; but it will 
not be long before more vital information is 
demanded, 

As may be seen from these examples, a person 
who has been selected to be a source of infor- 
mation to a foreign agent is in a very difficult 
position, His weak points are emphasized and 
played upon until he feels completely trapped. 
In desperation, he feels that he has no other 
course of action except to cooperate and furnish 
information to the foreign agent. 

However, this is not true, There is always 
one honorable way to get out of this kind of dif- 
ficulty. If you should ever find yourself entangled 
in such а situation, DO NOT ALLOW YOUR- 
SELF TO BE BLACKMAILED, Tell the whole 
story to your division officer, legal officer, or 
security officer. Don't try to handle the situation 
by yourself; your chances of being able to outwit 
a highly trained foreign agent are just about zero. 
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So tell your story fully and completely, including 
any wrong actions of your own, and accept the 
consequences, Remember that whatever wrong 
actions you may have committed up to this point 
are nothing compared to the act of actually 
cooperating with a foreign agent. 


PHYSICAL SECURITY 


The Department of the Navy, Security Manual 


Classified Information OPNAVINST 5510.1C, es- 
tablishes physical security standards and require- 
ments. 

A numerical evaluation system has beendeve- 
loped for the purpose for providing a uniform guide 
for establishing security protection, For details, 
or todetermine whether security is adequate т any 
specific case, you should consult the security 
manual. 

When new security stowage equipment is pro- 
cured, it shall be of the type designated as security 
filing cabinets on the Federal Supply Schedule of 
the General Services Administration, 


DISCIPLINARY ACTION 


Individuals found responsible for the loss, 
compromise, or unauthorized disclosure of 
classified matter, and individuals who violate 
security regulations, are promptly and adequately 
disciplined, Disciplinary action may include, in 
the case of military personnel, trial by courts- 
martial or, in the case of civilians, prosecution 
under Title 18, United States Code, as amended, 
or other Federal statutes as appropriate, 

Violations of regulations pertaining to the 
safeguarding of classified matter,but not resulting 
in its loss, compromise, or unauthorized dis- 
closure, normally are acted upon by the com- 
manding officers of the persons involved without 
reference to other authority. 

Thus, an enlisted man or officer who will- 
fully or negligently mishandles classified matter 
will be disciplined by his commanding officer or 
by а court-martial depending on circumstances. 
If mishandling results in loss or compromise, 
disciplinary action is almost sure to be severe. 


CHAPTER 3 
EQUIPMENT 


Few skilled craftsman can do a good job 
with poor tools. Illustrator Draftsman are no 
exceptions, A competent man will perform better 
if he is furnished good instruments and material. 
Additionally, since he knows the importance of 
good equipment, such a man will exert every 
effort to keep them іп a good condition, 

Moreover, because each instrument and piece 
of equipment was designed to do a certain job, 
use the tools to do the job for which they were 
designed. Two basic points to follow — 


1. Keep your instruments in a safe place when 
they are not in use. 
2. Keep your instruments clean. 


GRAPHICS FURNITURE 


Most graphic shops in the Navy will be furn- 
ished with standard drafting furniture and equip- 
ment, Subsequent material describes this equip- 
ment and also presents suggested methods for 
obtaining maximum utilization. 


DRAWING TABLES 


Drafting tables come in various sizes and 
styles, (See fig. 3-1.) The majority of these 
tables are easily adjustable to the users demands. 
The height of the table should be adjusted so 
that if you desire to work in a standing position, 
you can do so without stooping or holding your 
arms in a raised position, Additionally, the table 
top should be inclined so that your line of sight 
will be approximately perpendicular to the draw- 
ing surface. Finally, your drafting stool should 
be high enough in relation to the drawing table 
for you to see the whole drawing board but not 
во high that you are uncomfortably seated. 

A variety of good drawing board cover mater- 
ials are available, The cover serves to protect 
the drawing board surface, reduce lighting glare 
and also provides an excellent drawing surface. 
Cover materials available are cellulose acetate 
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coated paper, vinyl, mylar film, and а cork- 
like material that can be used as a permanent 
cover оп ап old table фор. The vinyl and cork- 
like drawing board covers have added ability 
of being able to close up small holes or cuts 
such as those made by instruments i.e. compass 
or dividers, However, the practice of cutting 
on your drawing board will permanently scar 
the drawing surface, 


Each type of cover must be mounted in a 
definite manner. When covering your board with 
cellulose acetate paper, dampen the noncoated 
side of the paper with water, Then, secure the 
cover to the table with masking tape, as the 
water evaporates the cover will be tightly stretch- 
ed. Vinyl covers should be taped securely to the 
table at the top only. This permits the cover to 
stretch and conform to the surface of the board 
without buckling or wrinkling. Two-sided ad- 
hesive tape is used to secure ће vinyl cover, This 
type of tape is preferred because of its high 
sticking abilities, Also, unlike masking tape, since 
it is placed on the under side of the working sur- 
face it does not get dirty. The mylar cover has 
the advantage of being dimensionally stable and 
is not affected by moisture, This material may 
be mounted with either masking or two-sided 
tape. Drawing boards that are worn and scratched 
should be covered with a cork-like material, 
This type cover is permanently mounted with 
glue. 


There will be occasions when a drafting table 
will not be available. Under these circumstances 
a makeshift drawing board made of materials 
similar to most standard drawing tables such 
ав: white pine, basswood, or some other soft 
wood is perfectly acceptable, The board should 
have a smooth top drawing surface and a square 
straight edge on the left side, As shown in figure 
3-2 this board may be propped uponany standard 
desk or table. 
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L-SHAPED DRAFTING TABLE АМО REFERENCE DESK. THE 
DRAWING BOARD IS ADJUSTABLE TO ANY ANGLE. 





DRAFTING TABLES WITH ADJUSTABLE DRAWING BOARDS 
THAT MAY BE TILTED UP TO A MAXIMUM OF 459 

TABLE SHOWN ON THE LEFT ALSO HAS A FLAT SURFACE 
FOR TOOLS OR REFERENCE MATERIAL. 





FRENCH TABLE; ADJUSTABLE TO ANY ANGLE 
FROM HORIZONTAL TO VERTICAL, 


PEDESTAL DRAFTING TABLE; 
SPACE SAVER AND ADJUSTABLE. 


142.21 (142A) 
Figure 3-1. — Drafting tables, 
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Figure 3-2. — Drawing board with T-square and 
drawing paper in place, 29.275D 


LAMPS 


Since you will be constantly using your eyes it 
is important that your working area be well lighted. 
Natural light is best, if available and ample, 
although in the majority of cases acceptable 
natural light will be the exception rather than the 
rule, Most offices are insufficiently lighted with 
fluorescent overhead fixtures. Generally, these 
fixtures are inadequate in regards to quality and 
intensity of light. Adjustable lamps will serve 
to improve the lighting conditions. The most 
popular type of adjustable lamp is the floating- 
arm type of fluorescent fixture which clamps 
onto the desk or drafting table. Arrange your 
lighting to come from the front-left, if 
you аге right-handed; or from the front- 
right; if you are left-handed, This eliminates 
shadows cast by drawing instruments апа 
your hands, Finally, avoid glaring lights 
and reflections, as they contribute to eye- 
strain. 


LIGHT TABLES 


Light tables are used for viewing through 
opaque, semiopaque translucent, or transparent 
material. Lithographers and photographers use 
the light table when opaquing negatives and 
stripping (assembling negatives together). The 
Illustrator Draftsman employs the light table 
for tracing prints, opaquing, and color separat- 
ing. The light table may also be utilized as a 
drafting table by using it without the light (Fig. 
3-3). 

Precautions must be observed when working 
with a light table, Do not lean on the glass of 
the light table. Avoid scoring its surface with 
a sharp cutting blade under pressure, In either 
case, the glass could break and cause serious 
injury. 


Figure 3-3.— Light Table, Fluorescent lamps 
located in front of white reflectors provide 
the light source within this table, The glass 
working surface is frosted underneath to dif- 
fuse the light. 142.22X 


WORK TABLES 


Work tables are used mainly for jobs that 
would otherwise damage the surface of a draw- 
ing board, These work tables are used for such 
operations as mounting drawings, maps, photos, 
or cutting paper, matts, or illustration board. 

The top of the work table should be large 
enough tojaccommodatethe largest sheet of il- 
lustration board without any overhanging edges. 
Cover the table with one or more scrap sheets 
of illustration board, held firmly in place with 
tape. This supplemental covering will prevent 
the cutting blade from slipping on the smooth 
table top. The blade passes through the item 
you are cutting and partially cuts the illustration 
board cover, Additionally, if the illustration 
board cover is not used on table tops made 
out of hard material such as formica, the knife, 
upon cutting through the material, would lose 
all friction and might slip across the hard sur- 
face and cut you or someone near you, 


TABORET 


Taborets serve to provide a space to hold 
all the tools you are using at the moment, 
Because taborets are portable, you are able 
to move your tools and equipment with ease, if 
it becomes necessary to work in another area, 
The top of the taboret is flat and has a raised 
ledge around its perimeter so that the tools 
won't roll off, Usually, a taboret will have one 
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or more drawers апа а storage cabinet. These 
features enable you to keep your most fre- 
quently used tools and equipment close at hand, 
See figure 3-4, 


PAPER CUTTER 


Paper cutters may be used for cutting various 
thicknesses of paper ranging from tissue to 
heavy illustration board, A graduated rule is 
mounted at the top and is used when cutting 
stock to size. Also the top may be graduated 
into one-half inch grids aiding in measuring 
and alignment of the stock. However, for ac- 
curacy you should measure and mark what- 
ever you are cutting and not rely on the mea- 
suring devices of the paper cutter, 

The cutting blade is held in place by a coil 
tension spring which keeps the blade aligned 
and should be able to hold it in any raised cut 
position for safety. However, this is not always 
the case. Therefore, as an added precaution, 
the blade is secured in a fully closed position 
when not in use, Additionally, you should en- 
sure that the device is marked with the fol- 
lowing warning LEAVE BLADE DOWN AND 
SECURED WHEN NOT IN USE, During cutting 
operations hold your material securely against 
the rule at the top of the cutting bed, keeping 
your fingers well away from the cutting blade. 
Operate the blade with а smooth motion down- 
ward with pressure applied from right to left, 
(If you have to lean or jerk on the blade, you 


are attempting to cut too much material at one 
time and will only shred it!). 

Using the paper cutter is a onemanoperation, 
never allow anyone to catch paper that you are 
trimming off. If you don't want your trimmings 
on the deck, place the paper cutter on a table so 
that the trimmings fall on the table top. It is the 
operator's responsibility to himself and others, 
when operating the paper cutter, to always think 
and act safely. Never allow anyone operating 
the paper cutter in an unsafe manner to con- 
tinue doing 50. Stop the person and remind him 
of safety precautions and to use common sense 
when using the cutter. This action may save 
them from serious injury. 


Paper cutters are available in various sizes 
and models. Some models are equipped with stands 
and a hold down bar that is foot operated (fig. 
3-5). The hold down bar is a good safety feature, 
It holds the paper in place and it also keeps your 
fingers away from the cutting edge. 


TOOLS AND MATERIALS 


This section covers the nomenclature, use, 
care, and maintenance of some of the more com- 
mon items you as an Illustrator Draftsman will 
be using. This section is not meant to cover 
every tool or material used by a Illustrator Drafts- 
man, Although brand names may be mentioned, 
this does not mean this brand is the only one 
capable of producing a quality product, 





142,316 
Figure 3-4. — Taboret, 


142,317 
Figure 3-5, — Paper cutter. 
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T-SQUARES 


The T-square gets it name from its shape, It 
consists of a long, straight strip, called the blade, 
which is mounted at right angles on ashort strip, 
called the head, The head is mounted under the 
blade so that it will fit against the edge of the 
drawing board while the blade rests on the sur- 
face as shown in figure 3-6, T-squares vary from 
15 inches to 72 inches in length, with the 36-inch 
length the most common. Some T-squares are de- 
signed with adjustable heads which allows for 
angular adjustments to the blade, 

The T-square is used for drawing horizontal 
lines, It also serves as a base for the triangle 
when vertical and inclined lines are drawn, А1- 
ways draw lines along the upper edge of the blade, 
Move the T-square up or downto position by slid- 
ing the head along the edge of the drawing board, 

Handle your T-square carefully. If dropped, 
it may be knocked out of true and become useless, 
Additionally, to prevent warping, hang the T- 
square by the hole in the end of the blade or 
lay it on a flat surface so that the blade rests 
flat. 

Before beginning a new job, you should test 
the top edge of your T-square for warp or nicks, 
Draw a sharp line along the top of the blade, 
Turn the T-square over and redraw the line with 
the same edge. If the blade is warped, the lines 
will not coincide. | 

If the blade swings when the head is held 
firmly against the edge of the drawing board, the 
blade may be loose where it is joined to the 
head, or the edge of the T-square head may be 
warped. You can usually tighten a loose blade 
by adjusting the screws which connect it to the 
head, but if it is out of squareor in bad condition 
you should select a new T-square, 


PARALLEL STRAIGHTEDGE 


Many Illustrator Draftsmen prefer a parallel 
straightedge to a T-square, As shown in figure 
3-7, the parallel straightedge is permanently 
attached to the drawing board by a system of 
cords and pulleys so arranged as to give ex- 
act parallel motion to the straightedge as it is 
moved vertically up and down the board, 


The parallel straightedge has two funda- 
mental advantages over the T-square: supported 
at both ends, it maintains parallel motion auto- 
matically; it may be moved up or down the board 
with pressure at any point along its length, 
These advantages become particularly significant 
when you are working on large drawings. 
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Figure 3-6,— Drawing horizontal lines with а 


T-square, 29,275Н 


As with the T-square, always draw lines along 
the upper edge of the parallel straightedge. (A word 
of caution— Never use plastic edge drawing in- 
struments such as the T-square or parallel 
straightedge as cutting guides.) 


DRAFTING MACHINES 


The drafting machine (fig. 3-8) combines the 
functions of a parallel ruler, protractor, scale, 
and triangles. Any drafting operation requiring 
straight parallel lines may be performed ad- 
vantageously with a drafting machine, 

The majority of drafting machines are con- 
structed so that a protractor head may be moved 
over the surface of a drafting table without 
change in orientation by means of a parallel 
motion linkage consisting of two sets of double 
bars. The type illustrated in figure 3-9 has 
rigid metal connecting links or arms, called 
pin-joint linkage. 

However, the type of drafting machine shown 
in figure 3-10, in which the linkage is provided 
by two steel bands working against one another, 
is superior to that with pin-jointlinkage, because 
there is less lost motion, The machine in figure 
3-10 has steel bands enclosed in tubes, although 
this type may also have the bands without the 
tubes, If these bands become loose through wear 
or expansion, the tension may be increased on 
them, although this is seldom necessary, 

The protractor head of a drafting machine 
is a complete circle, graduated in degrees, to 
which a straightedge or scale may be clamped 
at any desired angle. If desired, two scales 
may be attached to the head at right angles to 
each other, This method of attaching scales 
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Figure 3-7,— Parallel straightedge, 





45.137 (45)X 
Figure 3-8, — Drafting machine. 























29.275 5X 
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45.137Х 
Figure 3-9. — Drafting machine with rigid arms. 
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59.57АХ 
Figure 3-10. — Drafting machine with enclosed 
steel bands. 


has been fairly well standardized so that a 
wide variety of scales can be attached or re- 
moved as desired. Tapered, dovetailed fittings, 
with the female part on the control head and 
the male part on the rule, connect the scales 
to the drafting machine, (See fig. 3-11.) To re- 
move a scale, a key is used which fits over the 
head of the adjusting screw. The key, by cam 
action, pushes the dovetailed fittings far enough 
apart so that the scale can be removed by hand. 
To insert a scale, carefully slide the dovetails 
into place and tighten them by tapping lightly 
with the palm of your hand, 

One of the screws holding the fittings to the 
scale passes through an elongated slot, This 
feature allows for some angular adjustment of 
the scale. This adjustment is for truing the two 
scales with each other, To adjust them, draw 


FEMALE DOVETAIL 
FITTING ON 
UNDER SIDE 
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FITTING 


SCALE ALIGNAENT 
ADJUSTMENT SCREW 


s 


45.137 (69).2Х 
Figure 3-11.— Fittings for attaching the scale 
to the drafting machine, 
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a line with the horizontal scale. Then swing the 
scales 90° clockwise. The scale that had been 
vertical should now be horizontal and should fit 
exactly by the line just drawn. If it does not, 
loosen its adjustment screw, set it right, and 
then tighten the screw. You will then have the 
two scales set at a 90° angle to each other, 


Correct alignment of the scales with the board 
is usually accomplished by some adjustment in 
the control head or linkage of the machine, (Any 
major repairs or adjustments on a drafting 
machine should be done by an instrument repair 
man and not attempted in the drafting room.) 


Figure 3-12 shows a type of drafting machine 
in which the scales are moved horizontally or 
vertically by means of rollers or tracks, This 
type of machine has special advantages when it 
is used on extra large drawing boards, 


STEEL STRAIGHTEDGES 


Steel straightedges (fig. 3-13) are used for 
cutting and drawing long straight lines, Some- 
times a long T-square blade is used аз a straight- 
edge for drawing but the steel straightedge is 
superior because its heavier weight helps you 
keep the straightedge exactly in position, During 
use, putting tape at both ends of the straightedge 
greatly reduces unwanted movement, During ink- 
ing operations using the beveled edge reduces 
the chance of ink running (bleeding) under the 
straightedge. 


TRIANGLES 


Right-angle triangles are used in combination 
with the T-square or straightedge to draw vertical 
and inclined lines, Plastic triangles are preferable 
to wooden ones because they are transparent and 
you can see the work underneath, The two tri- 
angles most often used are the 45° and the 30° 
-60°, shown in figure 3-14, You will note that 
both triangles have one 90° angle, or a right 
angle, Additionally one has two 45° angles while 
the other has one 60° and one 30° angle, Another 
triangle sometimes used (fig. 3-15) is the ad- 
justable triangle. 


Vertical lines are drawn by using the T-square 


as a base for the triangle. With the T-square 
in position, place one edge of the triangle against 
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45.137 (142) 
Figure 3-12, — Roller-type drafting machine, 





Figure 3-13. — Steel straightedge.  45.677X 





30°-60° TRIANGLE 
45° TRIANGLE 
29.277 
Figure 3-14. — 45-degree and 30-60 degree draft- 142.318X 
ing triangles. Figure 3-15. — Adjustable triangle. 


30 


- Chapter 3— EQUIPMENT 
PE EE ES PD LE APO 
the blade and draw the vertical line along the 
vertical edge, as shown in figure 3-16. (Left- 
handed Illustrator Draftsmen reverse the tri- 
angle.) 


You can use the same method to draw lines 
at angles of 30°, 45% and 60? with the T-square. 
When you reverse the triangle, you can draw the 
same angle in the opposite direction. (See fig. 
3-17). 

Now Suppose you want to draw a line that 
forms an angle of 75? with the horizontal or 
15? with the vertical, You can do this by using 
the 45? triangle and the 30-60? triangle. 

Rest the side of the 30-60? triangle against 
| the T-square and set the 45° triangle above it, 
95 as shown іп figure 3-17. The 30° angle and 
the 45° angle add up to 75°. You can get the 
Figure 3-16,— Drawing a vertical line with T- opposite result, or 15° to the horizontal, by 

square and triangle, 29.275Е  readjusting the triangles. 
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142,319 


Figure 3-17. — Using T-square and triangles to draw lines at angles of 15, 30, 45, 60 and 75 degrees 
to the horizontal. Arrows indicate the direction in which the lines should be drawn, 


31 


ILLUSTRATOR DRAFTSMAN 3 & 2 





Parallel vertical or inclined lines are drawn 
by sliding the triangle along the blade of the 
T-square, (See fig. 3-18а). 

A line perpendicular to another line can be 
drawn by using the adjacent sides of the 90° 
angle, (See fig. 3-18b.) (If one side is parallel 
with a line, the adjacent side will be 
perpendicular to it.) Place the long side of the 
triangle against the straightedge. Draw a line 
along one side. Then slide the triangle along 
the straightedge until the adjacent side is per- 
pendicular to the drawn line. 

The techniques in the preceding paragraphs 
are the same if a straightedge other than a T- 
square is used, Other straightedges could in- 
clude a parallel straightedge, a steel straight- 
edge, or the side of a large triangle. 

Like other drafting equipment, triangles must 
be kept in good condition, To prevent warping, 
you should always lay them flat or hang them up 
when they are not in use, Since there is seldom 
enough drawer space available to permit laying 
triangles flat without their being thrown around 
with drawings and other triangles, it is best to 
develop the habit of hanging triangles, up. 

If plastic triangles are dropped, their tips 
may be damaged. Also, triangles may wrap so 
that they do not lie flat on the drawing surface, 
or the edge may deviate from true straightness, 


ШШШ 
ont 





B 
| 29,275С 
Figure 3-18.— Drawing parallel perpendicular 
lines, 





If the tips are bent, use a sharp knife to cut off 
the damaged part. If the triangle warps out of 
flat, you may be able to bend it back by hand, 
If this does not straighten it, leave the triangle 
lying on a flat surface with weights on it, or hold 
the triangle to the opposite curvature with 
weights. If the triangle becomes permanently 
warped, so that the drawing edges are curved 
or the angles are no longer true, throw it away 
and get another, 


CURVES 


It is difficult to use a compass for drawing 
smooth curved lines which are not arcs of circles, 
For drawing these lines, special curves — broadly 
classified as irregular curves — are used, 

When drawing arcs of circles, guides such ав 
radius curves may be used instead of a compass, 


Irregular Curves (French) 


French curves come in a variety of shapes 
and sizes and are made of transparent plastic. 
(See fig. 3-19.) They are used to draw non- 
circular curves, such as ellipses, spirals, and 





45.127Х 
Figure 3-19. — French curves, 
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parabolas, These curves are usually plotted 
carefully on a drawing and then a series of 
lines are drawn through the plotted points using 
a French curve as a guide. 


When drawing a curve through plotted points: 


1. Sketch a light freehand line 
through the points. 


smoothly 


2. Select a section of a French curve that 
matches at least three consecutive points, Always 
make sure that the curvature indicated by the 
plotted points and the curvature of the French 
curve increase in the same direction, (See fig. 
3-20.) 


3, Draw the curve between the first two points, 
stopping short of the third point. If you stop 
short of the last point that matches the French 
curve, you lines will blend smoothly. 


4, Move the French curve to the next seg- 
ment and extend the drawing of the curve, again 
stopping short of the last point. 


5. Continue using this method until you have 
completed the line. 
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45.128 
Figure 3-20. — Using a french curve to draw a 
curved line through plotted points, 
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Special Irregular Curves 


Ship curves (fig. 3-21) belong to the family 
of curves that are collectively called special 
irregular curves, These curves are used pri- 
marily for drawing curves peculiar to ship con- 
struction. They are made of plastic or wood and 
come in sets, One curve is usually sufficient 
to draw the entire curved line, but sometimes 
several of them must be fitted together to com- 
plete the curve, 


Another set of irregular curves is called 
mechanical engineers’ curves, These curves are 
similar to some of the French curves and some 
of the ship curves, 


Many other types of special irregular curves 
are also available, such as conic section curves, 
and logarithmic spiral curves (Гір, 3-22), 


Yet another type of special curves are flexible 
curve rules (fig, 3-23), These rules are made 
of rubber and metal and have a clear plastic 
ruling edge, They can be bent to a minimum 
radius of 2 inches and may be adjusted to fit 
more than three plotted points of a curve, Other 





45.129 
Figure 3-21.-- Ship curves, 








142,27:.28Х 

Figure 3-22.- (А) Conic section curves tor е1- 

lipses, hyperbolas, and parabolas. (B) Log- 
arithmic spiral curve. 


flexible curves, nof shown, are made of vinyl 
plastic, or rubber encased sveel strips with a 
lead core, Finally, splines (fig. 8-24) are used to 
make long, smooth, irregular curves, They are 
made of flexible strips of wood, plastic, or 
metal that can be bent to fit almost any long 
curve or bend, Metal weights, called ducks are 
used to hold the spiine in place while Ше iine 
is being drawn. 
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142.23Х 
Figure 3-23. — Flexible curve rule, 


34 


45,181Х 
Figure 3-24. — Spline and duck weights, 
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142.24X 
Figure 3-25.— Radius curve without tangent. 


Radius Curves 


Radius curves may be used instead of com- 
passes to draw arcs of circles, A radius curve 
is a flat, narrow sheet of plastic that is curved 
to conform to the arc of a specific circle. Stamp- 
ed on each curve is the size of the radius of the 
circle to which its arc corresponds or some 
other method of indicating the degree of curvature. 
These curves are sometimes called railroad 
curves, highway curves, or simply radius curves, 
The name of the curve depends on the intended 
use, which is reflected in the method of identify- 
ing the curvature. These curves are available in 
dozens of sizes ranging from 1 1/2-inch radius 
to 1000-inch radius. Some radius curves are 
curved throughout as shown in figure 3-25; others 
have a length of tangent as shown in figure 3-26. 


TEMPLATES 


Templates are time saving devices for the 
Illustrator Draftsman. When а shape or symbol 
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142.25X 
Figure 3-26, — Radius curve with tangent. 
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Figure 3-27,-- Various templates, 
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frequently appears оп a drawing, time is saved 
by fabricating a template, or using one of the 
many commercially available templates, The 
ability to reproduce a frequently used shape also 
ensures its accurate and uniform reproduction, 

Most templates are made of transparent plas- 
tic. Because they are transparent the DM can 
see through them and readily align a shape or 
symbol. As shown in figure 3-27, a wide variety 
of shapes, such as triangular, rectangular, cir- 
cular, and elliptical, to mention a few, are avail- 
able from commercial sources, 


When using templates, a problem may arise 
when inking a drawing. Unless caution is observed 
the ink may bleed under the template causing a 
blotch. One method of preventing this is to raise 
the template from the surface of the paper by 
placing tape on both sides of the template, You 
may use any type of tape, but you must have a 
certain minimum amount of clearance from the 
template to the paper. Several thicknesses of 
tape may be required to build up enough clear- 
ance, А strip of acetate attached with two- 
sided tape to your template will also serve the 
same purpose. 

Recently a guide has been designed that will 
raise the template off the paper, if you have this 
type of guide naturally you will not have to take 
the precautions mentioned, 


Construction 
The template you need may not be available; if 


so, it may be worth while to make your own, Card- 
board, sheetmetal, or acetate are some of the 





materials that can beused, Cardboardhas the dis- 
advantage of being opaque and will nothold up well 
with repeated usage. Sheetmetal makes a good 
template, if you needto cutout shapes or symbols. 
For drawing with pencilor ink, heavy gauge acetate 
is one of the best materials. 

Constructing a template of acetate willinvolve 
drawing the shapes or symbol slightly larger (one 
pencil width) than the desired dimension. The 
pencil width extension to the template is neces- 
sary in order to maintain exact dimensions of 
the drawn symbol, Next we cut or score the 
acetate along the pattern line, Cutting or scoring 
the acetate will involve using a sharp knife to 
cut through or score as deeply as possible. If 
the shape is not cut through, bend the acetate 
to break out the scored shape. You may have to 
touch up a few rough edges with sandpaper. Try 
not to enlarge the shape more than necessary 
when sanding. 


PROTRACTORS 


Protractors are used for measuring and laying 
off angles, They may be circular or semicircular 
as shown in figure 3-28, The protractors com- 
monly used in graphic shops are graduated in 
1/2? increments, Thus, with care, angles can be 
protracted to about 1/49, Protractor numbering 
arrangement varies, Semicircular protractors 
are generally labeled from 0 to 180? in both 
directions, Circular protractors may be labeled 
from 0 to 360? (both clockwise and counterclock- 
wise), or they may be labeled from 0 to 90? in 
four quadrants, 








Е > 


45.126 


Figure 3-28. — Types of protractors. 
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To measure an angle, place the center mark 
of the protractor at the vertex of the angle, with 
the 0° line along one side, Then note the degree 
mark which falls on the side, To lay off an angle 
position the protractor as above and use a needle 
point or a sharp pointed pencil to mark the de- 
sired values, Then project lines from the vertex 
to these marks, 

Using only the three points on the protractor, 
as described above, may result in considerable 
inaccuracy, particularly if the lines of an angle 
are to be extended for some distance beyond the 
protractor, A refinement of the procedure is in- 
. dicated in figure 3-29, Suppose angle BOA is to 
be measured, Extend line AO on to C; extend line 
BO on to D. When you set the center of the pro- 
tractor at O, make sure that both points c and a 
are on line AC, Take your reading at point d as 
well as at point b when you measure the angle, 
If you are laying off the angle BOA, protract and 
mark point d as well as point b; this gives you 
three points (d,0, and b) for establishing line DB. 
If you are using a semicircular protractor you 
can't of course, locate point d; but your accuracy 
will be improved by lining up c, 0, and a before 
you measure or lay off the single angle BOA, 


SCALES 
Any graduated instrument like a ruler is 


called a scale, although actually the set of 
graduations on it is the scale. When we speak 





45,126 
Figure 3-29. — Protracting an angle, 
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of the scale of a drawing, we mean the ratio 
of the measurements on a drawing of an object 
to the same measurements on the object. 

For example, suppose you are drawing an 
object which is 24 inches long, but there is 
only room on your paper for a drawing 12 inches 
long. If the object is drawn to scale in this 
space, 2 inches on the object will be represented 
by 1 inch on the drawing, and the drawing will 
be called a half-scale drawing. You could, of 
course, draw the object 6 inches long on the 
paper, and then 4 inches on the object would 
be represented by 1 inch on the drawing, The 
drawing would be called a quarter-scale draw- 
ing. 


Notice that a half-scale drawing is not half 
the size of the object, It is only a quarter the 
size of the object, because the dimensions in 
each direction are halved, For the same reasons, 
a quarter-scale drawing is only 1/6 the size of 
the object. 

A DM must deal with problems of scale con- 
stantly. When measuring distances with scales and 
when dimensioning drawings, you will use common 
fractions and decimal fractions. There will be 
times when, in order to determine the dimensions 
of a part, you must add, subtract, multiply, or 
divide fractions. Sometimes it will be necessary 
to change common fractions to decimal fractions 
(usually called decimals) and vice versa, Refer 
to figure 3-30 for a table of decimal equivalents 
to some common fractions, Keeping such a table 
on hand will save you time, but you should know 
how to perform these operations yourself, 

If you have not used your arithmetic lately, 
especially working with fractions, review the 
appropriate chapters in Mathematics, Vol. 1. 
NP 10069-( ). 

Scales vary in materials of construction, 
shape, style of division and scale graduations, 
The most inexpensive scale is made of yellow 
hardwood— this type of scale is generally used 
by students in mechanical drawing classes, The 
scales usually used in graphic shops are made 
of high grade boxwood or plastic, The boxwood 
scales have white plastic scale faces which are 
permanently cemented to the boxwood. The box- 
wood scales are engine divided—that is, the 
graduation lines are cut by a highly accurate 
machine, The plastic scales, while less ех- 
pensive than boxwood scales, have clear, ac- 
curate graduations, 

Various shapes of scales are shown in figure 
3-31, The triangular scale provides six scale 
faces on one rule. The two-bevel scale provides 
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REDUCTION TABLE FOR FRACTIONS 
AND DECIMALS 


.015625 





Figure 3-30. — Reduction table for fractions and 
decimals. 142,1 
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Figure 3-32,—Open divided architects' scale, 4.16А 


As to style of division, scales may be open 
divided such as the 3/4 architects scale shown 
in figure 3-32, Open divided means that only 
the main divisions are marked throughout the 
length of the rule. However, one division on 
the end is fully subdivided. Scales may also 
be fully divided such as the 16 architect's scale 
shown in figure 3-33. All of the units of this 
scale are fully subdivided throughout the length 





TRIANGULAR 


TWO-BEVEL 


OPPOSITE- BEVEL 


FOUR-BEVEL 


4.16(142)В 
Figure 3-31. — Shapes of scales, 


a wider base than the triangular scale and the 
scale faces are always visible. 


Opposite-bevel scales are similar to the two- 
bevel, however they have only one scale visable 
at a time, also their design makes it easier to 
lift them from the drawing surface. The four- 
bevel scale provides four scales on one small 
rule—this shape is usually used for pocket 
rules which are 6 inches long. 





Figure 3-33, — Architect's scale. 4.16(65) АХ 
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of the scale. Scales may be double numbered 
such as the mechanical engineer's scales shown 
in figure 3-34, This arrangement makes it con- 
venient to measure from right to left as well as 
from left to right. 


Note that on the quarter size scale only every 
other major division is numbered, while on the 
half size scale each major division is numbered, 
А scale on which only every other division is 
numbered is called a ‘‘double numbered’’ scale, 
One on which each division is numbered is called 
а **single numbered’’ scale, 


The types of scale graduations most often 
used in graphics shops in the Navy are the 
architects! scale, the engineers’ scale and the 
mechanical engineers' scale, But these three 
scales, while the most common, are by no 
means the only types of scale graduations a- 
vailable. There are scales graduated in terms 
of miles to the inch and rods to the inch, There 
are metric scales such as the one shown in 
figure 3-35. This rule is divided into centi- 
meters (about 3/8 inch) reading to millimeters 
on one scale face and centimeters reading to 
half-millimeters on the other face. 


Architect's Scale 


Architect's scales may be used wherever 
dimensions are measured in feet and inches. 
Major divisions on the scale represent feet 
which in turn are subdivided into12ths or 16ths 
depending on the individual scale as you will 
see, 

Figure 3-36 shows the triangular architect's 
scale, Also shown are segments of each of the 
eleven scales found on this particular type of 
scale, Notice that all scales except the 16th 
scale are actually two scales which either read 
from left to right or right to left, When reading 
a scale numbered from left to right notice the 
numerals and located closest to the out side 
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4.16.1.AX 
Figure 3-34, — Mechanical engineers! scales, 


edge. Reading scales that are numbered from 
right to left notice the numerals are located 
closer to the inside edge. 


Architect's scales are ''open'' divided, with 
the only subdivided interval being an extra inter- 
val below the 0 - ft mark, These extra intervals 
are divided into 12ths, To make a scale measure- 
ment in feet and inches, you lay off the number 
feet on the main scale and add the inches on 
the subdivided extra interval. However notice 
that the 16th scale is fully divided with its 
divisions being divided into 16ths, 

Now lets measure off a distance of 1 foot 
3 inches to see how each scale is read and 
how the scales compare to one another (refer 
to fig. 3-36), You must note carefully the value 
of the graduations on the extra interval, which 
varies with different scales, On the 3 іп, = 1 ft 
scale, for example, the space between adjacent 
graduations onthe extra interval represents 1/8 in. 
On the 3/32 іп, = 1 ft scale, however, each space 
between adjacent graduations on the extra inter- 
val represents 2 in. Since the graduation on the 
16 scale are subdivided into 16ths we will have 
to figure out that 3 inches actually is 3/12 
or 1/4 of a foot. Changing this to 16ths we now 
see we must measure off 4/16ths to equal the 
3 inch measurement, 
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4,16(65)A 
Figure 3-35, — Metric scale. 
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142,320 
Figure 3-36. — Architects' scale, 
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The architect's scale 
is as follows: 


expressed fractionally 


ЗімтсіҢң,............ 1/4 Scale 

1 1/2іп -"1%.,............ 1/8 Scale 
1і,-18,............1/12 scale 
3/4 іп-18.............1/16 scale 
1/2іп-іҢ,,,...........1/24 scale 
3/8іп,-18.,........... „1/32 scale 
1/4іп -18%,............1/48 Scale 
3/16 in. -18.,........... 01/64 Scale 
1/8 in =1 ft... 2. ee ee e. © 0/96 scale 


1/128 scale 


3/32 in. =1ft . 
The Chain or Civil Engineer's Scale 


Commonly called the ''engineer's'' scale the 
Chain or Civil Engineer's scale is graduated in 
decimal units. That is each major interval on 
the scale if subdivided into 10ths. There are six 
fully divided scales on the triangular style 
scale, and each is labeled with a large number 
which represents the number of graduations 
to the linear inch. 

Figure 3-37 shows the scale and segments 
of each of the six scales, Because these scales 
are decimally divided, they may be used to scale 
dimensions down to any scale in which the first 
figure in the ratio is 1 inch, and the second 
figure is the product of a scale number times 
10 or times a multiple of 10. As you will also 
notice the scale may represent any measurable 
quanity such as: distance, hours, men, or time 
to mention a few, Thus this scale is ideal for 
the DM who is constructing a graph. 

To use the engineer's scale for scaling to 
scales which are expressed fractionally, you 
must be able to determine the fractional equiva- 
lent of each of the scales. For any scale this 
equivalent is simply 1 over the total number of 
graduations on the scale, or 1 over the product 
of the scale number times 12, which comes to 
the same thing. Applying this rule, the fractional 
expression of each of the scales is as follows: 


10 scale = 1/120 
20 scale = 1/240 
30 scale = 1/360 
40 scale = 1/480 
50 scale = 1/600 
60 scale = 1/720 


Suppose you wanted to scale 50 ft down to 
a scale of 1/120. The 10 scale gives you this scale; 
you would therefore use the 10 scale, allowing 
the space between graduations to represent 1 ft, 
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and measuring off 5 (for 50 ft), The line on your 
paper would be 5 inches long, representing a 
line on the object itself which is (120 x 5 in.), 
or 600 in,, or 50 ft long. 


Mechanical Engineer’s Scale 


The mechanical engineer's scale is used for 
making scale drawings of objects (such as re- 
latively small machine parts) which do not need 
to be scaled down to less than 1/8 scale (1 1/2 in. 
=1 ft) or up tomorethan 8/1 scale. Each scale is 
graduated, as you have seen, both from left to 
right and from right to left. 

To use the scale you simply read the major 
graduations as indicating inches. For example: 
suppose you are using the quarter size scale 
to draw a line which is 5 іп, long on the object 
itself. You simply measure off 5 on the quarter 
size scale, 


In using a scale you must be careful to deter- 
mine the correct value of the interval between 
adjacent graduations. On the quarter size scale 
shown in figure 3-34 the value of this interval 
is 1/8 іп, On thehalf size scale shown in the same 
figure, however, the value of the intervalis 1/16 in. 


TAKING MEASUREMENTS FROM THE 
SCALE.— To measure accurately with a tri- 
angular scale, lay it on your drawing parallel 
to the line on which the measurement is to be 
made. The farther edge of the scale should be 
on the line, Now look down over the scale at 
this farther edge. Notice that the graduations 
on the scales are really grooves in the sur- 
face that are partially filled with ink, Slide a 
needle point, or a very sharp pencil, care- 
fullp down the groove of the graduation until 
it touches the drawing paper. Figure 3-38, 

When you use a needle point, remember that 
a deep prick mark that breaks the paper is less 
accurate than a light dent made with the very 
tip of the needle point. When you use a pencil 
be sure that it is very sharp. Twirl it in the 
groove in the scale before removing it, in order 
to reinforce the pencil dot on the paper. 

If а series of distances are to be set off, 
move the scale only when you have reached 
the end of it and have more distances to mark. 
Don't move it for each measurement or you may 
get a cumulative error which will spoil the 
drawing. 

Note that your pencil touches the scale only 
for the purpose of marking a point on the paper. 
Never use a scale as a straightedge for drawing 
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142.321 
Figure 3-37. — Chain or civil engineer's scale. 


lines, A typical office ruler has a metal edge— it Triangular Scale Clip 

is a scale and straightedge combined. But a 

draftsman’s measuring scale is for measuring When you are repeatedly using a particular 
only —it is not a ruler. A scale properly used scale on a scale, it is time-consuming to be 
will last for decades, but а scale used asa required to search every time for the right 
straightedge will soon have the graduations worn one. To relieve this problem a scale clip like 
away. the one shown in figure 3-39 is available for 
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142.32Х 
Figure 3-38, — Taking a measurement, with a 
triangular scale, 


use with a triangular scale, The clip not only 
identifies the scale you are using, but requires 
you to set the scale down with the correct 
scale up. Large paper binder clips may be used 
as an excellent cheap substitute for the scale clip. 


Indicating Scale on a Drawing 


There are many ways of indicating the scale 
on a drawing. Among these are the fractional 
method, the equation method, and the graphic 
method. 


In the fractional method, the scaleis indicated 
as a fraction or a ratio. A full-size scale is 
indicated as 1/1; enlarged scale as 10/1, 4/1, 
or 2/1; and reduced scale as 1/2, 1/4, 1/10, 
etc. Notice that the drawing unit is always given 
as the numerator of the fraction and the object 
unit as the denominator, On maps, the reduced 
scale fraction may be very large (for example, 
1/50,000) as compared with the typical scales 
on machine drawings. On maps, the scale is fre- 
quently expressed as a ratio such as 1:50,000. 
When using the equation method, a certain number 


of inches on the drawing is set equal to a cer- 
tain length on the object, Symbols are used for 
feet (!) and inches (''), One architectural draw- 
ings a certain number of inches on the drawing 
is set equal to one foot on the object. A full- 
size scale is entered as 12!" = 1' -0'*; and en- 
larged scale, as 24'' = 1-0"; and a reduced 
scale, ав 1/8'' = 1' -0'', On civil engineering 
drawings, one inch on the drawing is set equal 
to a certain measurement on the object: 1'' = 5', 
1'' -100,1"-1 mile, 


In the graphic method, an actual measuring 
scale is shown on the drawing. Typical graphic 
Scales are shown in figure 3-40, 


Note that in each case the primary scale 
lies to the right of the 0, while to the left of 
the 0 there is а subdivided primary scale unit. 


CASED INSTRUMENTS 


Your instruments may be issued to you one 
by one or as a set in a case, An example of a 
typical drawing instrument set is shown in 
Figure 3-41. If possible, it is best to keep them 
in a case, since the case protects them from 
falls or unnecessary pressures, Then, too, the 
lining of the case is usually treated with a 
chemical which helps prevent the instruments 
from tarnishing or corroding. 


To protect instruments from rusting when 
they are not in use, clean them frequently with 
a Soft cloth and apply a light film of oil to their 
surface with a rag. Joints on compasses and 
dividers should not be oiled, A knife edge or an 
abrasive should never be used to clean instru- 
ments, since, when the surface finish is worn 
or Scarred, they are more subject to corrosion. 





29,276 


Figure 3-39. — Civil engineers' scale with triangular scale clip. 
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Figure 3-40. — Graphic scales. 


It is sometimes difficult to judge the quality 
of drafting instruments by appearance alone, 
Often their characteristics become evident only 
after they are used, Usually, cheap quality 
instruments have а mass-production appear- 
ance, with little machine finishing and with 
designs that permit rapid assembly. On the 
other hand, high quality instruments are usually 
correctly sharpened, adjusted, and packaged in 
a good quality case when they come from the 
manufacturer. Some instruments, although ac- 
curately made and capable of fine adjustment, 
are lacking in rigidity. For this reason, the 
simple, sturdy instruments are often most prac- 
tical. Before you select instruments, look for 
the brand name and try to learn something about 
the reputation it has with experienced draftsmen, 

As a Navy Illustrator Draftsman you are not 
expected to buy your own instruments, These 
are furnished by the Navy. Have professional 
pride, and care for them as you would your own, 
However, when an instrument is defective or worn 
beyond repair, do not hesitate to ask that it be 
replaced. Remember that the quality of your 
work is of first importance. 


Compasses 
The compass is used for drawing circles 


and arcs. The large compass usually found in 
a set of drawing instruments is about 6 inches 


long. The legs are hinged at the top so that 
they сап be set in any desired position, The 
leg that has the pencil or pen attached usually 
has a hinged joint in the middle of the leg, 
enabling the pen to be set atan angle perpen- 
dicular to the paper for better ink flow. The 
other leg containing the needle point has а 
similar hinged joint, (Fig. 3-42.) 


The pencil and pen are interchangeable so 
that the same compass can be used for either 
pencil or ink drawings. When the compass is 
prepared for use, the needle point should be 
adjusted so that it projects about one sixty- 
fourth of an inch beyond the pencil lead or ink 


point, 


The 6-inch compass is satisfactory for draw- 
ing circles to about 12 inches in diameter. For 
larger circles, an extension bar is provided 
which may be inserted in the compass between 
the main body and the pencil or pen leg. 


A compass can also be obtained with a 
shoulder on the needle point which prevents 
the point from sinking too deeply into the draw- 
ing surface. 


To draw а circle with a compass, lightly 
press the needle point into the drawing paper 
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142,322 
Figure 3-41. — Drawing instrument set, 


and rotate the marking leg around it. With a scratch paper and follow the steps shown іп 
little practice you will find that you can do figure 3-43, 
this easily with one hand (fig. 3-43). 

When you wish to set the compass to draw 1. Draw a horizontal line with a straight- 
a circle of a given diameter, use a piece of edge. 





(0) COMPASS WITH PENCIL 


А E 


(b) РЕМ (0 EXTENSION BAR 


45.158(142)А 
Figure 3-42, — Pivot joint compass. 
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45.157 
Figure 3-43. — Drawing а circle of given diameter іп pencil. 
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2. With the straightedge ав a base, use а 
triangle and draw a vertical line intersecting 
the horizontal line (fig. 3-43 a). 

3. Measure the radius of the circle with a 
scale, as shown in figure 3-43b and draw a second 
vertical line from this point. 

4, Set the needle point at the intersection of 
the first vertical line and the horizontal line. 
(fig. 3-43с) This is the center of the circle. 

5. Set the marking leg to fall on the inter- 
section of the second vertical line and the 
horizontal line (fig. 3-434). 

6. Draw а half circle with the compass 
(fig. 3-43e). 

7. Now check your work by measuring with 
a Scale the diameter established by this half 
circle (fig. 38-48%). 


Once the compass has been set to the ex- 
act radius of the circle, handle it very care- 
fully so as not to disturb the setting. Bring the 
set compass to the drawing where you are 
going to make the circle, Set the needle point 
where the center of the circle is to fall and 
carefully rotate the compass to draw a line 
describing the circumference of the circle. Do 
not apply too much pressure on the needle point 
orit will bore a hole in the paper andyou will 
lose the accurate center mark. 

When many circles are drawn using the 
same center the compass needle may tend to 
bore an over sized hole in the drawing. To 
prevent these unsightly holes, instrument sets 
are sometimes provided with a device called 
а center disk. This disk is placed over the 
center point. The compass needle point is then 
placed into the hole in its center, Care must be 
taken when positioning these disk to insure they 
are at the exact center point. 


When using the pencil leg to draw circles 
smaller than 1 inch in radius, you may keep the 
pencil and needle legs straight. For larger 
circles, both legs should be bent so that they are 
perpendicular to the paper. On the other hand, 
when using the pen leg, you must bend it at the 
hinge joint and keep it perpendicular to the paper 
for all circles, regardless of their size, (See 
fig. 3-44a) To draw large circles, insert the 
extension bar in the pen or pencil leg, as shown 
іп figure 3-44b. 


Dividers 


Dividers are similar to compasses, except that 
both legs are provided with needle points, They are 





45.158(142)B 

Figure 3-44,—(A) Compass with legs perpen- 

dicular to drawing. (B) Compass with ex- 
tension bar attached, 


used to step off distances, to measure aseries of 
equal distances, and to divide lines into a number 
of equal parts. 


To step off distances on a drawing, set the 
dividers to the correct distance, then transfer 





45,182(142)С 
Figure 3-45, — Stepping off a series of equal dis- 
tances on a line with the dividers, 
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the measurements to the drawing by pricking the 
drawing surface very lightly with the points of the 
dividers, 

To measure off a series of equal distances on 
a line, set the dividers to the givendistance, Then 
step off this distance as many times as desired by 
swinging the dividers from one leg to the other 
along the line (fig. 3-45). 


Dividing a given line into equal parts is slight- 
ly more complex, For example, figure 3-46 shows 





how a line is divided into three equal parts, First, C 

set the dividers to a distance approximately one- 

third the length of the line, Then step off this 45,158(142) DX 
spread three times, If the three stepped-off Figure 3-47. — Shapes of compasses and dividers, 
distances donotequalthe length of the line, in- А, Round В, Flat С, Bevel 


crease or decrease the setting of the dividers 
by one-third the error, Continue this trial-and- 
error method until the three steps equal the length 
of the line, 





Maintaining Compasses and Dividers 


Figure 3-47 shows the three common shapes 
in which compasses and dividers are made, They 
may be purchased in either the round, the flat, 
or the bevel shapes, When you select compasses 
and dividers, test them for alignment by bending 
the joints and bringing the points together as shown 
in figure 3-48, 

Older compasses and some cheap modern ones 
have a tongue joint, (See fig. 3-49) Because there 
is no way to tighten this type of joint after it be- 
comes worn, modern pivot joints are more satis- 
factory, Figure 3-50 shows types of pivot joints 
found on compasses and dividers. 

Dividers should be adjusted so that they may 
be set without undue friction. They should not be 





45.132(142)D 45.158(142)C 
Figure 3-46.— Dividing a line into three equal Figure 3-48. — Testing pivot joint compass for 
parts. alignment, 
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142.33 
Figure 3-49, — The tongue joint, 


so rigid that their manipulation is difficult, nor 
so loose that they will not retain their setting. 
Hairspring dividers are set for the correct friction 
by skilled instrument makers, and itisinadvisable 
to attempt adjustments in the graphics shop, since 
a special wrench is needed which is ordinarily not 
available, 
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142,34X 
Figure 3-50, — Sections of pivot joints. 


Divider points should be straight and free from 
burrs. When the dividers are notinuse, the points 
may be protected by sticking them into a small 
piece of soft rubber eraser or cork, When points 
have become dull or minutely uneven in length, 
make them even by holding the dividers vertically, 
placing the legs together, and grinding them lightly 
back and forth against an о115іопе. (See fig, 3-51A.) 
Then hold the dividers horizontally and sharpen 
each point by whetting the outside of it back and 
forth on the stone, while rolling it from side to 
side with your fingers. (See fig. 3-51B.) The inside 
of the leg should remain flat and should not be 
ground on the stone. Neither should any part of 
the outside of the point be ground so that a flat 
surface results, In shaping the point, be careful 
to avoid shortening the leg. 

Needles on compasses and divider should be 
kept sharpened to a fine taper. When they are 
pushed into the drawing, they should leave a small, 
round hole in the paper no larger thana fine line, 
Since the same center is often used for both the 
compasses and dividers, it is best that needles on 
both be the same size, If the compass needle is 
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45.132Е 
Figure 3-51, — (А) evening legs of dividers (B) 
Sharpening divider needle points, 
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noticeably larger, either use it without pushing it 
into the paper or grind it until it is the correct 
size, 

To make a compass needle smaller, wet one 
edge of the oilstone and place the needle with its 
shoulder against this edge. Then grind it against 
the oilstone, twirling it between your thumb and 
forefinger, (See fig. 3-52.) Test it for size by 
inserting it in a hole made by another needle of 
the correct size. When it is pushed as far as the 
shoulder, it should not enlarge the hole. 


Bow Instruments 


There are two sizes and types of bow instru- 
ments. Figure 3-53 shows the large center bow, 
and figure 3-54 shows some typical smaller 
side bows. As you may have noticed, the location 
of the adjustment screw influences the names 
of these instruments, Large bow instruments 
are usuallyofthe center adjustment type how- 
ever, side adjusting models are also available. 
Small bow instruments may be either center or 
side adjusting. Both of these instruments are 
used in the same manner as the compasses and 
dividers previously described, 

Lengthening bars may be available with the 
large bow, The maximum radius size will be 
determined by the size of the particular instru- 
ment and the availability of lengthening bars. 
Small bow instruments are used for circles or 
measurements smaller than 1 inch in radius or 
length. 

The drop bow pen (fig. 3-54D) is not one of 
the standard instruments. However, for some 
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142.35 
Figure 3-52. — Shaping а compass needle. 


jobs it is essential. It is used to draw small 
circles with diameters of less than a quarter 
of an inch. As the name indicates, the pen as- 
sembly is free to move up and down and to rotate 
around the main shaft, When using this instru- 
ment, hold the pen in the raised position, adjust 
the setscrew to give the desired radius, and then 
gently lower the pen to the paper surface and 
draw the circle by rotating the pen around the 
shaft. 


The screw threads on bow instruments are 
delicate. Because of this, care should be taken 
never to force the adjusting nut, Additionally, 
the threads must be kept free from rust or 
dirt. Because of the adjusting screw arrange- 
ment bow instruments are sturdy and therefore 
capable of heavy pressure, Finally, adjustments 
are more precise than other types of compasses 
and dividers, 


Beam Compass 


For drawing large circles beyond the range 
of the standard compass, use a beam compass. 
A beam compass consists of one or more bars 
18 to 70 inches long, a steel needle point, and 
a pen and pencil point, The bars may be of 
hardwood or metal. (Fig. 3-55.) 


When the beam compass is assembled, both 
the needle point and the marking point can be 
set at any position along the bar. After setting 
the correct position on the beam, you can make 
a final adjustment by means of a small screw 
on one of the points, 


PROPORTIONAL DIVIDERS 


Proportional dividers are used for trans- 
ferring measurements from one scale to another. 
This capability is necessary when drawings are 
to be made to a larger or smaller scale.(Fig. 
3-56.) They can also be used to divide lines or 
circles into equal parts. 


These dividers consist of two legs, of equal 
length, pointed at each end, and held together 
by а movable pivot. By varying the position of 
the pivot, the lengths of the legs on opposite 
sides of the pivot are adjusted so that the ratio 
between them is equal to the ratio between two 
scales, Therefore, a distance spanned by the 
points of one set of legs has the same relation 
to the distance враппе by the points of the 
other set as one scale has to the other. 


50 


Chapter 3 — EQUIPMENT 








142.323 
Figure 3-53. — Large bow instrument with technical fountain реп (A) Pen attachment (В) lengthening 
Бат, 


A thumb nut moves the pivot іп а rack-and- 
gear arrangement, When the desired setting is мыр 
reached, а thumb-nut clamp оп the opposite — — i Ed 





A B C 
45.133 
Figure 3-54, — Bow instruments: (A) bow pen; 
(B) bow pencil; (C) bow dividers; (D) drop 45.134X 
bow pen. Figure 3-55. — Beam compass. 
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45.132(142) ВХ 
Figure 3-56. — Proportional dividers. 


side of the instrument locks the pivot in place. 
A scale and vernier are provided on one leg to 
facilitate accurate setting. The dividers may 
be set by reference to the table of settings which 
is furnished with each pair; they will accommodate 
varying ranges of scales up to1to11.5. However, 
it is better not to depend entirely on the table 
of settings. You can check the adjustment by 
drawing lines representing the desired propor- 
tionate lengths and then applying the points of 
the instrument to them in turn until by trial and 
error the correct adjustment is reached, 

To divide a line into equal parts, set the divider 
to а ratio of 1 to the number of parts desired on 
the scale marked ''lines'', For instance, to divide 
a line into 8 parts, set at Зоп the scale. Measure 
off the length with the points of the longer end. 
The span of the points at the opposite ends will 
be desired section lengths. To use the dividers 
to transfer measurements from feet to meters, 
draw a line 1 unit long and another line 3.28 
units long and set the dividers by trial and 
error accordingly. 

Some proportional dividers have an extra 
scale for use in getting circular proportions. 
The scale marked ''circle'' indicates the setting 
for dividing the circumference into equal parts. 

The points of the dividers are of hardened 
steel, and if they are handled carefully these 
points will retain their sharpness during longuse. 
If they are damaged, they may be sharpened, 
The table of settings will still be usable but the 
scale on the instrument will no longer be accurate, 


SPACING DIVIDERS 


Spacing dividers are constructed with multi- 
ple legs arranged so that they subdivide the total 
distance spanned into a number of equal parts. 
(fig. 8-57). The size most frequently used is 
about 6 inches long and contains 11 points 
numbered consecutively from 0 to 10. With these 
dividers, distances up to 9 inches in length may 
be divided into 10 equal intervals. 
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45.132(142)A 
Figure 3-57. — Spacing dividers. 


Spacing dividers should not be handled rough- 
ly, and particular care must be taken to ensure 
that the points are not injured or bent, If the 
pivot becomes too loose or too tight, the instru- 
ment should not be used until repaired, 


KNIVES 


In the graphics shop there are many appli- 
cations for cutting tools such as: cutting mats 
for pictures; cutting illustration board to exact 
measurements; cutting tapes in preparing graphs 
and charts; cutting stencils; removing excess 
ink or emulsions; and shaping templates — to 
mention a few. 

The style of knives and blades vary according 
to their intended use. (Fig. 3-58a) Large knives 
are used for the heavier type of work. An example 
would be a mat knife which is made to fit the 
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142.324 


Figure 3-58. — Mat апа Х-асіо knives, 


palm of the hand во that enough pressure may be 
applied to cut through illustration board, Pencil 
sized X-acto knives(Fig. 3-58b) are used to cut light 
weight materials such as paper, tape, and film, They 
are designed to fit in your hand in the same 
manner as a pencil, Therefore, not much pres- 
sure is applied. Specialty knives include swivel 
types that are made with a blade that rotates. This 
feature allows you to cut along anirregular curve 
without having to twist your wrist or twirl the 
knife in your fingers, 


Blades are also available in many types and 
Styles, Some are intended for cutting straight 
lines, while others are suitable for circles, 
For example, the circle cutting blades have 
a round shank and are made to fit into the pencil 
chucks of compasses, 

Sharp knife blades produce neat clean cuts and 
are a must for precision work, A dull blade not 
Only produces sloppy work but it is also a 
definite safety hazard, When dull, a blade will 
tend to skip or jump over a surface rather than 
cut through. A dull blade will require more pres- 
Sure than a sharp one. Therefore, if the knife 


slips, your hand may go in any direction cutting 
you or someone working with you, 


Blades can be sharpened to a razorlike 
sharpness on a hard Arkansas oil stone. Though 
many knives have replacement blades, in the 
interest of economy, a dull blade should be 
resharpened as many times as possible. 


PENCILS 


The pencil is the DM's thinking tool. Ideas 
are quickly sketched and easily changed, Sketches, 
tracings, lettering, and finished pencil drawings 
are some of the ways a DM utilizes this tool. 
This section will discuss the various materials, 
grades, and types of pencils commonly used. 
(Handling the pencil will be discussed in chapter 
8. Drawing pencils that are made for draftsmen 
and illustrators are more expensive, but have 
several advantages over the cheaper everyday 
pencils, The main advantage is the degree of 
hardness or softness of lead, which affects the 
value and type of line or stroke. Pencils are 
available in a wide range of grades (hardness or 
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softness) of lead. The lead is also made so that 
it has few foreign particles in it such as grit, 
that can cause uneven line weights, Also the 
wood is of better quality. Therefore, the pencils 
will not warp. Thus they will be easier to sharpen, 


Graphite Pencil 


The graphite (lead) pencil is classified ac- 
cording to the hardness of the lead, Figure 3-59 
shows the 17 most popular grades, These grades 
range from 6B (the softest and producer of the 
blackest line) to 9H (the hardest and producer 
of a thin gray line). 

You will notice that the diameters of the lead 
also vary. This feature adds strength to the softer 
grades, As a result, softer grades are thicker 
and thus produce broader lines, While harder 
grades being smaller produce thinner lines, 

Unfortunately, manufacturers of pencils have 
not established uniformity in grades, Therefore, 
a 2H may vary in hardness from company to 
company. Through experience you will discover 
the trade names and grades of pencils that you 
prefer. There are however, some general guide- 
lines that willaid you in your selection, In general, 
the soft leads (2B through 6B) are used for il- 
lustrative rather than technical drafting. The 
medium grades (B through 3 H) areusedfor most 
drawings. Іп this group (HB through Е) may be used 
for free-hand sketching, while (Е through 2H) may 
be used for tracing. The harder leads (4H through 
9H) are used for work requiring a high degree 
of accuracy. 

А word of caution, when selecting the grade 
of pencil, weather conditions will be a factor. 
On a humid day your paper will absorb moisture 
and will become soft. Therefore, on days with 
high humidity you should select a softer grade 
of pencil, For instance, if you were normally 





using a ''F'' pencil, change to а "НВ" during 
periods of high humidity. The softer lead will 
enable you to achieve similar line values with 
a lesser amount of pressure thus decreasing 
the danger of tearing or making grooves in the 
paper. 


Special graphite pencils are available from 
most manufacturers, Large soft leads in round, 
oval, and flat shapes, (such as the carpenter's 
pencil) are useful for layout, lettering, and sketch- 
ing Work. 


Carbon Pencil 


One characteristic of a line drawn by a gra- 
phite pencil is its shine. This shine reflects light 
during reproduction with a camera. Thus, the 
line wil appear to be lighter than the original 
in some areas. 


One medium that is capable of producing a 
dense black, with no shine, is carbon, Because 
this marking material is pressed carbon, rather 
than graphite, or lead, it produces a matte- 
finish і,е,, a smooth even surface that is free 
from shine or highlights. Carbon leads are 
available in six grades: BBB (very soft); BB, 
B, HB, H, and HH (medium hard). Usually, three 
various forms of carbon can be purchased, pencils, 
leads, and square sticks. 


Charcoal Pencil 


Like carbon, charcoal produces a dense black 
line without shine. As with carbon, charcoal also 
gives a faithful reproduction. As many as 5 grades 
of charcoal are available. There arealso many 
forms, such as sticks (square or round) pencils 
(wooden or paper wrapped) and powdered, 
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142.131 
Figure 3-59, — Grades of pencils. 
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Lithographic Pencils 


The lithographic pencil was made to produce 
a grease image on a stone or metal plate for 
lithography reproduction. The softness of the 
marking material produces dense blacks when 
used on paper, The lithographic pencil will mark 
on most surfaces such as glass or plastics. 


Colored Pencils 


Like most pencils, colored pencils are made 
with different sized leads. The thick leads are 
SOft and the thin leads are hard, Therefore thin 
hard leads are used for detail work while thick 
soft leads are used for illustrative type drawings. 

Colored pencils are either water soluble or 
waterproof, Therefore, care should be taken 
during selection to ensure that moisture will not 
affect your work, Some water soluble pencils can 
be used for effects similar to washes described in 
chapter 8, However, the colored pencil method is 
not the best for washes. 

There are also available several special pur- 
pose colored pencils. One type is the blue non- 
reproducible (drop-out) pencil that is used for 
layout work, One feature of this pencil is that 
the blue will not photograph if it is drawn lightly 
enough, Use of this pencil allows the DM to make 
a rough sketch of a drawing then to draw over, 
in a reproducible medium such as ink, that which 
he desires to reproduce. When photographed, the 
ink lines will reproduce but the blue lines will 
drop-out, 

Stabilos are yet another type of special colored 
pencil. These pencils write on practically any 
surface such as glass, metal, plastic, celluloid, 
and wood, This type of pencil has a nongreasy 
lead and is available in limited colors only. 


Pastels 


The term pastel is often used to describe any 
pale color, However, artists classify pastels as 
a chalk type medium used to apply color to their 
drawings, This medium is made of ground dry 
pigment, plus a binding agent, Pastels are made 
in round or square sticks, and in a wooden en- 
cased pencil form. When using pastels, blending 
is easily accomplished with a stump, or by rubbing 
with a cloth or the finger. Pastels are made in 
hard, medium, and soft grades, The hard pastels 
are useful on detail drawings where line weight 
may be light. Soft pastels may be used to cover 
large areas in one stroke by using the side of the 
Stick, 


Stumps 


When it is necessary to blend or smudge draw- 
ings made with pencil, charcoal, or pastel medium 
a stump is used, Stumps are made of paper, 
in small or large size, and are pointed either at 
one end or both ends, See figure 3-60. 


ERASERS 


Using proper care and the correct eraser, a 
DM can remove unwanted marks with little or 
no damage to the drawing surface, Erasers are 
made from various materials such as plastic, 
gum rubber, synthetic rubber, and abrasive 


rubbers, Each is suited to a special purpose, 
Figure 3-61 shows the typical eraser shapes, 





142,325 
Figure 3-60, — Paper stump is used to shade pen- 
cil, charcoal, or pastels. 





45.672X 


Figure 3-61. — Erasers, 


ILLUSTRATOR DRAFTSMAN 3 & 2 





Additional items aid the DM in erasing, such as 
— the dusting brush, erasingmachine, andan eras- 
ing shield. 


Plastic erasers are suitable for clean erasures 
on all types of drawing materials, Therubberless 
nonabrasive material will not mar or scratch. 
Moistening the eraser with your lips may help 
you to remove ink marks, However, it is recom- 
mended that you first test this method on a 
scrap piece of material to determine if it will 
work satisfactorily. 


Art gum erasers are made of a soft pliable 
gum that is free of rubber grit. This eraser will 
wear itself away, but will not mar or scratch. 
This eraser is ideally suited for removing pencil 
or finger marks and smudges. 


Kneaded erasers are nonabrasive, and are 
made of synthetic rubber or plastic. These erasers 
may be kneaded in the hands to form a fine point, 
The kneaded erasers will absorb particles such 
as graphite dust rather than rubbing particles 
across the surface of the drawing. Additionally, 
small areas such as highlights may be picked 
out with a formed point, Large areas may be 
cleaned using the bulk of the kneaded eraser 
like any other eraser. 


Abrasive rubber erasers use abrasive com- 
pounds to remove pencil, crayon, and ink, These 
erasers vary in softness — the softest areusually 
pink, the intermediates red, and the hardest 
white or gray in color. To reduce the chance 
of damaging your work surface, ensure that 
you do not use a hard eraser when a soft one 
will do the job. To remove eraser crumbs from 
the drawing use a dusting brush such as the one 
shown in figure 3-62, 


An electric erasing machine such as the 
one shown in figure 3-63 is a timesaver when 
there is much erasing to be done, but it is hard 
to use on paper without damaging the surface, 





> МОЕТ 9682 ЧЕ pP ME O шы, 


29,274 
Figure 3-62. — Dusting brush, 
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45.674Х 
Figure 3-63. — Erasing machine, 


Place a hard surface, triangle etc., under 
the area or section you are to erase to raise 
the surface and ensure a clean erasure. Always 
keep an electric erasing machine moving never 
allow it to rotate in a particular spot or it will 
bore or burn through your drawing surface. 

An erasing shield (fig. 3-64) is a small plate 
of thin spring steel with holes of various shapes 
having been punched out, The open holes in the 
shield make it possible to remove unwanted lines 
while leaving other work untouched, Further, 
the sharp edge of the metal cuts away the smudged 
exterior of the eraser, permitting a clean portion 
of the eraser to rub against the surface of the 
drafting media. 

In addition to artgum erasers, cleaning com- 
pounds include pulverized gum eraser particles 
which may be squeezed onto the drawing from a 
plastic squeeze bottle. Gum eraser granules are 
also packaged in cloth bags made of a soft mesh. 
The granules sift through the bag as it is rubbed 





29.273X 
Figure 3-64, — Erasing shield, 
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over a drawing. The eraser pad is also excellent 
for precleaning to prevent later soil buildup. 


PENS 


Instruments for inking drawings include pens 
of many styles. Each style is suited for а par- 
ticular job. This section is intended to acquaint 
you with some of the more common pens in use 
by draftsmen and illustrators. 


Ruling Pens 


The ruling pen is used for inking lines of 
uniform width with the T-square, triangles, or 
other guides. It should not be used for freehand 
work, It consists of two steel blades, called 
nibs, attached to a handle. The blades are of 
equal length, narrowed at their tips. (See fig. 
3-65.) A setscrew is used for adjusting the dis- 
tance between the nibs at the tip to correspond 





45.116 
Figure 3-65,— Ruling pens: (A) spring type; (B) 
hinged~blade type. 
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to the width of line desired, Tightening the screw 
brings the nibs closer together so that the pen 
makes а thinner line. 


The standard ruling pen has an adjustable 
spring blade, limber enough to permit opening 
it wide to clean the inside of the nibs. Another 
type has a hinged blade, which allows the pen to 
be opened, cleaned and snapped carefully back 
in place with the nibs the same width apart, This 
is convenient if you have todoa long piece of work 
which requires many lines of the same width. 


There are several useful variations of the 
standard ruling реп. (fig. 3-66.) The detail or 
Swede pen is similar to the standard pen except 
that the blades are wider and have a greater 
ink capacity. It can be used for very heavy ink 
lines as well as for light lines, The contour pen 
has blades attached to a shaft which rotates in- 
side the hollow handle, and it is particularly 
useful for drawing sharp, precise curves, Unlike 
other ruling pens the contour pen is intended for 
freehand use rather than with a straightedge. 





45.117X 

Figure 3-66,—Special varieties of the ruling 

pen: (A) detail pen; (B) contour pen; (C) 
railroad pen, 
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Тһе railroad реп has two sets of blades which сап 
be set to draw parallel lines of equal width or of 
different widths, 

The bow pen and the pen attachment for the 
compass are also variations of the standard ruling 


pen. 


FILLING THE РЕМ. — Before filling a ruling 
pen, be sure it is clean. (New pens should be 
washed to remove the thin film of oil that is 
usually on them when they come from the manu- 
facturer.) Adjust the screw to set the nibs to the 
approximate line width you want, The ordinary 2- 
ounce bottle of India ink is provided with a dropper, 
which is fastened to the stopper, for use in filling 
a ruling pen. Figure 3-67 shows how the dropper 
from the ink bottle is used to fill the pen, Insert 
it between the nibs of the pen until the ink rises 
to about 3/16 of an inch from the tip. (Over- 
loading will cause a blot or an uneven line.) If 
you do not have a dropper attached to the top of 
the ink bottle, an ordinary writing pen dipped 
in ink and passed between the blades ofthe ruling 
pen will fill it satisfactorily. 

Before you start to draw with the ruling pen, 
carefully remove any ink from the outside of 
the nibs and test the width of the line on a scrap 
of your drawing paper. If the line is not the right 
width, make an adjustment of the setscrew. 


DRAWING LINES,— When drawing, hold the 
ruling pen with the setscrew pointed away from 
you, ensuring that both nibs touch the paper 
lightly. The pen should be held at approximately 
а 609-709 angle and drawn in the direction in 
which you are inking. (Fig. 3-68). 

If the handle is tilted toward the guide, one 
of the nibs will lift from the paper and your line 
will be weak, If the nibs are pressed too hard 
against the guide, you will force one closer to 





45.125 
Figure 3-67,— Using ink-bottle dropper to fill 
a ruling pen. 





END VIEW SIDE VIEW 
45.116(142) A 
Figure 3-68.— Drawing lines with a ruling pen. 


the other and your line will not be uniform in 
width. If you tilt the handle of the pen away from 
the guide, the nibs will be thrown in contact with 
the guiding edge and ink may bleed under it. 
Some of the results of improper use of the pen 
are shown in figure 3-69, 

When you use a ruling pen with a T-square or 
straightedge, make long lines with a wholearm 
movement by sliding your pen hand along the 
blade, while you keep the straightedge steady with 
your other hand, Just before reaching the end of 
a line, slow down and finish with a finger move- 
ment to keep from overrunning the line. For 


INK ON OUTSIDE OF PEN BLADES RAN UNDER T-SQUARE 


PEN BLADES NOT KEPT PARALLEL TO T-SQUARE 





NIB OF PEN PRESSED AGAINST T-SQUARE TOO HARD 


@ 
ь 


NIB OF PEN SLOPED AWAY FROM T-SQUARE 
NIB OF PEN SLOPED TOWARD T-SQUARE 


T-SQUARE (OR TRIANGLE) SLIPPED INTO WET LINE 


NOT ENOUGH INK TO FINISH LINE кыз. 
45.156 
Figure 3-69. — Defective ink lines and their 
causes, 
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greater control in stopping, draw short lines 
and the ends of long lines with a finger move- 
ment. When the end of a line is reached, lift 
the pen vertically, and carefully remove the 
guide, 

Draw horizontal lines from left to right, 
starting at the top of the drawing and working 
down. (If you are lefthanded, you will, of course, 
draw these lines from right to left, and similarly 
reverse many of the directions given in this 
book.) 

Vertical lines are usually drawn in an upward 
direction and from left to right. However, when 
you have to draw a number of vertical lines or 
lines slanted in the same direction, how you 
draw them will be governed by the source of 
your light and the way you have found that you 
can draw vertical lines with greatest control. 

Let the first lines dry before starting to draw 
any intersecting lines. Watch carefully when you 
draw one line across another line. If the ink 
starts to rundown the dry line under your straight- 
edge, lift the pen quickly from the drawing and 
move the straightedge carefully. 

If the ink is stubborn and refuses to flow, 
draw the pen tip quickly over a piece of scratch 
paper. If it is still sluggish, examine your pen 
to see if it needs cleaning or if itis worn. 


CARING FOR THE PEN.— Clean your pen 
by dipping the tip in water or, in water mixed 
with a little ammonia or, in a pencleaning 
solution, Then wipe the blades thoroughly, in- 
side and out, with a soft, lintless cloth. 

Because ink hardens in the pen rapidly, you 
will have to wipe your pen several times during 
the course of a few hours of work, Don't subject 
your pen to unnecessary wear by stroking it 
too often on scratch paper when the ink fails to 
flow easily; clean it instead. Always put it away 
clean, with its nibs well separated to release 
the tension on the steel. 


Technical Fountain Pens 


The technical fountain pen, like the ruling 
pen, may be used for ruling straight lines of 
uniform width, with the aid of a T-square, tri- 
angle, or other guide. Unlike the ruling pen, 
it may also be used for free-hand lettering 
and drawing. It may also be used with tem- 
plates for drawing and lettering. One of the best 
features of the technical fountain pen is its ink 
reservoir. The reservoir, depending on the style 
of pen, is either built into the barrel of the pen 
ог is a translucent plastic ink cartridge attached 
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to the body of the реп, The large ink capacity 
of the reservoir greatly reduces the time re- 
quired to constantly replenish the ink supply. 
Therefore, most Illustrator Draftsmen prefer the 
technical fountain pen to the ruling pen previously 
discussed, 

A typical technical fountain pen is shown in 
figure 3-70, Variations in pen style and line size 
are offered from various manufacturers, Some 
pens are labeled by the metric system as to the 
line weight they make, Other pens are labeled 
with a code that indicates line width measured 
in inches, For instance, a No. 2 pen draws a 
line .026 inches in width, These pens are avail- 
able either as individual fountain pen units re- 
sembling a typical fountain pen, orasaset having 
a common handle and interchangeable pen units, 
The pen shown in figure 3-70 is a part of a set 
of technical fountain pens, 

Specialty reservoir pens for lettering are made 
so the point section will fit in a Leroy scriber, 
These pens may be used for any work thata 
regular technical fountain pen is used for. 

Another variation of a technical fountain pen 
is the ''Pelican's Graphos'', The main feature of 
this pen is that the nibs or points are interchange- 
able making the pen useful for most inking 
operations, Point styles include: ruling nibs used 
for inking fine straight lines (similar to ruling 
pen blades); tubular nibs which may be used with 
templates or curves (similar totechnical fountain 
pen points); flexible drawing nibs used for free 
hand drawing; and other specially designed nibs 
that produce square or round ended lines, 


USING THE TECHNICAL FOUNTAIN PEN,— 
As shown in figure 3-71, you must hold the pen 
so that it is perpendicular to the drawing surface 
at all times, If you don't hold the pen in the cor- 
rect manner the point will bevel or wearunevenly 
and eventually form an elliptical point. With the 
point in this condition, the pen will produce 
lines of inconsistent widths. 

To fill the reservoir of a fountain pen, use 
the knob located on the barrel opposite the point, 
When you turn the knob counterclockwise, a plun- 
ger is forced down into the barrel forcing out 
any ink remaining in the reservoir. Place the 
point end of the pen into the ink and turn the 
knob clockwise to pull the plunger up. As the 
plunger is pulled up, ink is drawn through the 
point filling the reservoir. 


To fill the ink cartridge type of pen shown 
in figure 3-70, remove the cartridge from the 
body and insert your ink bottle dropper all the 
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Figure 3-70. — Technical fountain реп. 





142,327 
Figure 3-71. — Drawing with a technical fountain 
pen, 
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way into the reservoir cartridge. Place the drop- 
per in contact with the bottom of the reservoir 
cartridge to prevent the ink from forming air 
bubbles, Fill the cartridge to approximately 3/8 
of an inch from the top, then replace the cart- 
ridge and clamp ring. 


CARE AND CLEANING, — The cylindrical por- 
tion of the penpoint is threaded. Along this 
threaded portion is an inclined channel that 
allows air to enter the ink reservoir. To en- 
sure correct ink flow this channel must be free 
to dried ink or foreign particles. When cleaning 
the pen, scrub the threads and channel with a 
brush, such as a tooth brush, wetted with a cleaning 
solution of soap and water, A cleaning pin (a tiny 
weighted needle) is made so that it fits into the 
feed tube and point. This cleaning pin assures a 
clear passage of ink from the reservoir to the 
point, Usually a light shake of the pen will set 
the cleaning pin in motion, removing any particles 
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45.122 
Figure 3-72, — Quill drawing pens. 


which settle in the tube when not in use. (Do not 
shake the pen over your drawing board.) 

If the pen is not used frequently, the ink will 
dry, clogging the point and feed tube, When the 
pen becomes clogged, soak the pen in pencleaner 
or ammonia water until it will unscrew with 
little or no resistance. A better practice is to 
clean the pen before you put it away if you know 
in advance that you will not be using it for several 
days. 


Artist's Pen 


Free hand drawing, lettering, and mapping 
are generally accomplished with the artist's quill 
type pen. A quill pen is one with a split point like 
that on an ordinary writing pen (fig. 3-72). Several 
manufacturers offer pen holders and points. The 
penholder should be chosen so that it will fit in 
the hand comfortably. Pen points are chosen for 
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the line weight they make, under normal pressure 
and their flexibility, An advantage of this type 
pen over other styles is that it is capable of 
producing a graded line. Varying the pressure 
evenly while drawing with this type pen will give 
a line that ranges in size from thin to thick or 
thick to thin. Chapter 8, Basic Mediums will 
discuss the use of this type pen, 


Lettering Pens (Speedball) 


As shown in figure 3-73 Speedball lettering 
pens are available with tips of various sizes and 
shapes. Tip shapes include square (Style A), 
round (Style B), oblong (Style C), and oval (Style 
D). 

Styles A and B produce a uniform line width, 
while styles C and D produce a line that ranges 
from thick to thin. 

Speedball pens are equipped with a brass clip 
that serves as a well for the ink, When adding 
ink to this well do not dip the pen into the ink, 
instead use the dropper of the ink bottle. This 
will ensure that the outside of the nibs are kept 
free of ink, 


Felt Tip Pens 


Felt tip pens may be used for lettering, sketch- 
ing, and other artwork, They are usually found in 
two general styles, the Flo-master pen shownin 
figure 3-74 and the Magic marker, The Flo- 
master pen is available with interchangeable 
felt tips of various styles and a refillable flow 
regulated ink cartridge. The ink flow is regulated 
by a valve located between the cartridge and the 
felt tip. By applying downward pressure on the 
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Figure 3-73. — Speedball pens. 
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Figure 3-74, — Felt tip pen and interchangeable 
felt tips. 


pen while in a writing position, the valveis opened 
allowing the ink to flow. 


The Magic marker has a permanent felt tip 
and is not refillable or regulated, 

Ink in the Magic marker is usually a trans- 
lucent waterproof type that is instant drying. The 
ink will mark on porous or nonporous material 
such as paper, plastic, glass, metal, wood, and 
fabric. 


BRUSHES 


The brush has many applications in the 
graphics shop. For example, it may be used for 
lettering, line drawings, or tone renderings. 
Mediums such as oil paint, water color, or ink 
can be applied with it, Proper brush selection 
will depend on the type of drawing and medium. 
To select a brush, you should understand the 
shape and quality if hair or bristle and what 
to expect from it, A good quality brush is costly, 
but is well worth the expense. Cheap brushes 
do not work well and will soon fall apart. 


HAIR FERRULE 


Brushes consist of three main parts, (1) a 
tip or point, of hair or bristle, (2) a ferrule or 
quill, and (3) the handle, figure 3-75. The tip 
or point is the natural end of hairs or bristles 
and is never cut or trimmed for shaping pur- 
poses. All shaping and trimming is done at the 
end opposite the tip or point. A natural shape 
is given to the brush by skilled craftsman who 
hand cup and align the hair or bristle points. 
Ferrules or quills are the tubes which set or 
fasten the hair and grip the handle, The ferrule, 
or quill size, determines the amount of hair in 
the brush; therefore, the opening will determine 
the brush size. Ferrules of the best quality are 
made of seamless metal. Quills are either nylon 
or natural quills from рееве, Тһе quills are 
better for soft hair brushes because they will 
not cut the hair as do metal ferrules, Handles 
give the brush its balance. Usually the handle is 
made of hardwoods and is marked with the size 
of the brush. 


Brushes come in 3 major shapes: rounds, 
flats, and brights (fig. 3-76), Rounds come to 
points which vary from sharp to blunt, Flats are 
broad with flattened ferrules and straight edges. 
Brights are flat and thin and have rather sharp 
corners, 


The hair used for brushes varies іп 
quality. The most preferred hair is redsable. 
No other hair has the same elasticity (spring) 
and durability, The red sable brush works best 
with thinner pigments. Camel-hair, a trade term, 
does not indicate the hair is from a camel, The 
better grade brown camel-hair is squirrel hair 
and is sometimes called ''french camel hair'', 
Other grades of camel hair are skunk, badger, 
and pony hair. Camel-hair is softer and does 
not have as much elasticity or life as does 
red sable. However, camel-hair brushes are 
desireable for lettering on smooth surfaces such 
as glass with heavy-bodied enamels, 

Ox hair has great tensile strength, and should 
not break off in any type of pigment, This type 
of hair is used for some lettering brushes. 
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Figure 3-75. — Brush nomenclature, 
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Figure 3-76,— Three major brush shapes, 


Bristle brushes are preferred over hair 
brushes by some illustrators for applying oils 
because bristle is stiffer. 

To care for your brushes properly, keep them 
clean and stored upright on the handles (See figure 
3-77) or in a flat position, but never on their hair 
or bristles, To clean, use thinner or solvent to 
remove as much of the color as possible, Then 
wet the brush in lukewarm water and wash it out 
with a mild face soap. To wash a brush, lather 
the palm of your hand and work the brush in the 
lather until there are no traces of color, Rinse, 
shape, and put away to dry. 


GENERAL PURPOSE MEDIA 


The quality of drawing media is very important, 
Ав with other artists, illustrator draftsmenusing 
good materials may not always produce topnotch 
Work, butIllustrator Draftsmanusing poor mater- 
ials will never produce good work, For practice 
you may use inferior paper, since the drawing does 
not have to be duplicated, but never try to do 
a finished piece of work on paper with a grain 
in Ц. The grain will show up on contact prints 
of the drawing, and drawings are generally 
duplicated by contact printing methods. Draw- 
ing media in general use are described in the 
following paragraphs. 


Detail Paper 


Detail paper is a heavy weight opaque paper 
which is usually either buff or neutral green in 
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color, It takes pencil well, but pencil lines аге 
difficult to erase because a hard, sharp pencil 
makes impressions in the paper’s heavy tex- 
ture, When drawings are made on detail paper, 
they must be traced before blueprints or other 
duplicates may be made by contact printing meth- 
ods, since detail paper is too opaque to be used 
for this purpose. Due to changes in drawing 
practices, the need for drawing papers today is 
limited to the two extremes in the quality scale: 
the very highest grade, permanent drawing papers 
with the best possible erasing quality for maps 
or master drawings which are later photographed, 
and at the other extreme inexpensive school 
type of papers, 


Tracing Cloth/Linen 


Tracing Cloth is a finely woven fabric which 
is coated heavily with a starchlike compound and 
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rolled to produce a glossy surface on one side 
and a dull surface on the other, The glossy sur- 
face is the one which was originally intended for 
use, Ink lines on it have a sharper edge, and it is 
easier to erase on that side without damaging 
the cloth. However, the dull side is now intended 
as the working side, because it takes ink more 
readily, and it can be worked on with a pencil 
when changes in the drawing are necessary. 
Cloth combines the advantages of transparency, 
surface quality, strength, and permanence, It 
can withstand repeated erasures without major 
loss of surface quality, and aging does not 
materially affect its drawing and reproduction 
qualities. Though paper may exceed cloth in 
one or more of these characteristics, it does 
not equal its combined advantages. The so- 
called linen cloth is actually cotton, sized with 
starch to give a surface that takes pencil and 
ink, and by penetrating the voids between the cellu- 
lose fiber, makes the cloth transparent for 
tracing and reproduction purposes, 


Tracing Paper 


Tracing paper, or tracing vellum (especially 
prepared) is white or slightly tinted. The 
more transparent papers аге used ав 
tracing papers, Formerly, they were used almost 
exclusively for the ink tracing of pencil drawings 
made on opaque papers. Transparency was the 
prime requirement. Today, the usual practice is 
to develop the master drawing directly on trans- 
parent paper from which reproductions can be 
made, thereby saving the time, expense, and 
checking involved in the tracing process, This 
practice means that, in addition to good trans- 
parency, the modern high-grade tracing paper 
must be able to withstand repeated erasures, 
have good pencil take, and be strong enough to 
withstand considerable handling. The paper should 
retain these qualities for a long period of time 
to avoid the eventual necessity of redrawing, 
either manually or photographically. Natural 
tracing papers have properties which depend 
on weight, method of manufacture and raw mater- 
ial. If made of rag, they are usually fairly strong 
for their weight and permanently, but not too trans- 
parent, If natural papers are made with high trans- 
parency they usually possess only moderate 
strength and are recommended for sketching pur- 
poses where permanency is not a factor. Trans- 
parentized or prepared tracing papers answer 
the problem of how to combine strength plus 
transparency, for the added thickness that gives 





paper its strength usually reduces its trans- 
parency. This problem has been solved by means 
of a resin which is permanently impregnated 
into the thicker paper to give it high transparency. 


Bristol Board 


Light weightcardboardknown as Bristol board 
is made in a number of plys. Sheets of 2 ply and 
over are laminated together for strength. Bristols 
offer white, medium, or smooth surfaces and 
may be used on both sides, The medium surface 
is suitable for pencil or water color while the 
smooth surface is suitable for pen and ink 
drawings. | 


Illustration Boards 


Drawing paper with a high rag content mounted 
on a backing board is known as Illustration 
board, Drawing surfaces are available in varying 
textures from very smooth to very rough, Hot 
press surface known as smooth surface is used 
for fine pen-and-ink work. Cold press or kid 
finish, is known as rough surface and has enough 
texture to take wash and water color, A kid 
finish should be selected so that it is not too 
rough for pen and шк. Illustration board is used 
for mounting maps, photos, and drawings that 
require a good deal of handling. 

Additionally chipboard, which is a less ex- 
pensive rough surfaced cardboard, may be used 
instead of illustration board for mounting pur- 
poses, 


Film 


The most transparent of media is film. The 
base material for drafting film is the DuPont 
polyester film called Mylar. Raw Mylar has 
natural dimensional stability, great tearing 
strength, high transparency, high age and heat 
resistance, and nonsolubility and waterproofness, 
However, raw Mylar is not a satisfactory surface 
for pencil drawing; it has a tendency to curl up; 
and static electricity builds up and holds dust 
on the film. Therefore, various drafting media 
manufacturers treat Mylar to overcome these 
objections and market the drafting film under 
trade names other than Mylar. Herculene and 
Stabilene are two popular drafting films. 

As indicated іп the foregoing paragraphs, 
there are many qualities to be considered in 
selecting a drawing medium for the job at hand. 
These include: whether the medium was designed 
to take ink or pencil, or both; color, the visual 
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45.136 
Figure 3-78. — Тһе Pantograph. 


transparency, and the reproductive transparency; 
strength, erasability, and permanence; and, most 
important for some engineering drawings, the 
dimensional stability under varying conditions 
of temperature and humidity. 


Drawing media are available in rolls, in sheets, 
and in pads, 


Typical roll lengths are 20 yards and 50 yards 
and typical widths vary from 24 inches to 54 
inches in 6-inch increments, Sheets are generally 
cut to order by the supplier, but stock of some 
popular sheet sizes are often kept on hand. The 
following sizes (in inches) are typical: 8 1/2 x 
11, 11 x 17, 12 x 18, 17 x 22, 18 x 24, 22 x 84, 
and 24 x 36. Pads of tracing paper may also be 
prepared to order, but stocks are often main- 
tained of pads of 25, 50, and 100 sheets of some 
Sheet sizes of which the following are typical: 
8 1/2 x 11, 11 x 14, 11 x 17, 14 x 17, 18 x 24. 


Sheets, rolls, and pads preprinted with non- 
reproducible or drop-out grid lines or guide 
lines are popular. The cross-section lines are 
printed in a special nonreproducible ink and these 
grids will not appear when the drawing is re- 
produced by diazo or photographic methods. 
Rolls, sheets, and pads of paper, and rolls of 
film, are stocked by most suppliers, Grids a- 
vailable include the following number of lines 
to each square inch: 4х 4, 5х 5, 8х 8, 10 x 10, 
апа 20 х 20. 


РАМТОСВАРН 


То copy drawings to а larger or smaller 
scale a DM may use a pantograph similar to 
that depicted in figure 3-78, There are a number 
of different types of pantographs, but the prin- 
ciple governing them all is the same. It con- 
sists essentially of a system of bars pinned 
together in  parallelogram form. Holes are 
provided in the arms to enable the operator to 
set the instrument to various ratios by moving 
the pins. 


As shown in figure 3-78 point A is secured 
to the drawing board, Points B and E are set 
to the predetermined ratio. Tracing point C is 
set over the object to be copied. Pencil point 
F, repeats the motions of the tracing point copy- 
ing the object. To operate the pantograph watch 
the tracing point follow the lines of the original 
as you guide the pencil at the marking point, 


With the arrangement as shown in figure 3-78 
the copied drawing will be larger than the original. 
To reverse this or to make a drawing that is re- 
duced simply interchange the marking and tracing 
points on the pantograph. Move the original under 
the new tracing point. Locate the drawing paper 
under the marking point, Set points B and E to the 


_ desired ratio and trace the object. 
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CHAPTER 4 
GRAPHICS MACHINES 


Graphics shops are equipped with a wide 
variety of equipment that is suitable for the 
production and reproduction of illustrated ma- 
terial, Diazo process machines, Headliners, pro- 
jectors, and cameras are some of the more com- 
mon types, To use these types effectively and 
safely, you must have a working knowledge of their 
characteristics, limitations, and operating and 
maintenance procedures, 

This chapter will point out the characteristics 
and limitations of the more common types of 
graphics shop equipment, factors to consider 
in selecting equipment that is best suited for а 
particular job, as well as procedures for operating 
and maintaining the equipment, 


GENERAL SAFETY PRECAUTIONS 


Some of the graphics shop equipment is 
provided with electricity. When working with, or 
around, this equipment there are several pre- 
cautions that must be observed if you are to 
avoid personal injury to yourself or others, or 
damage to the equipment, 


These precautions include the frequent in- 
spection of electrical connections and wiring for 
obvious signs of damage. Additionally, never touch 
an energized electrical plug, switch, or any part 
of electrically operated equipment with wet hands, 
or while standing in water, or on a wet deck, 
If the equipment should become wet, or be in 
contact with water while in use, disconnect the 
electrical power source before attempting to clean 
up the area, 


Furthermore, regardless of the type of re- 
production equipment being used, it should be 
positioned in such a manner that it is provided 
with the maximum amount of circulating air. 
This requirement is necessary to ensure that 
adequate ventilation is provided to temperature 
sensitive components, 


Moreover, if the equipment requires the use 
of chemicals, such as the ammonia used in 
Diazo machines, adequate precautions must be 
observed while handling the chemicals, and to 
ensure that the accumulation of fumes is mini- 
mized during machine operation, Additionally, 
the print, even when it emerges from the machine 
is saturated with ammonia fumes, As a result of 
the latter, special precautions must be observed 
when storing prints, 

Diazo prints should never be stored with 
regular photographs, It has been found diazo 
prints will fade and discolor ordinary photo- 
graphs with which they come in contact, Photo- 
graphs used in memorandum reports and other 
publications should not be placed in contact with 
diazo prints, 

When stowing ammonia, ensure that the chemi- 
cal is placed in shatterproof bottles, and that the 
bottles in-turn are stored іп some form of pro- . 
tective container. Always remember that am- 
monia fumes are extremely toxic and that burns 
as well as temporary blindness can result if 
you are careless while handling the material. 

Many types of reproducing machines use a 
reproduction process that requires the use of 
a light source that emits ultra-violet rays. 
Because these rays can cause servere burns, 
especially to the eyes, use extreme precaution 
to avoid looking directly into a source of ultra- 
violet light. 

Because projection equipment is powered by 
electricity, it is necessary that you have a firm 
understanding of electrical safety precautions. 
Before using projection equipment, make certain 
that is has been safety inspected by a qualified 
electrician. Before replacing a fuse in the equip- 
ment, be sure the fuse you intend to use is of 
the proper size and no larger. When handling 
electrical cable, observe the following: 


DO NOT use spliced cables. 
DO NOT use cables that show damage or poor 
insulation, 
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DO NOT connect or disconnect a cable without 
first turning off the power supply. When a 
Switch is not available, unplug the cable at the 
power source, 

DO NOT handle wet cable without first turn- 
ing off the power. 

DO NOT allow foot traffic across cables. 
This causes damage to equipment and may 
cause injury to personnel. The prevention of 
damage to equipment is always of importance, 
and attention should be paid to the following: 


NEVER expose film or equipment to the ele- 
ments; i.e., fog, spray, rain, and high tempera- 
ture, 

ALWAYS make sure you are connecting your 
equipment to the proper power source, 


DIAZO PROCESS MACHINE 


Diazo process machines are made by several 
companies which include Revolute, Tecenifax, 
Buring, Ozalid, etc. However only Ozalid ma- 
chines will be discussed in this manual be- 
cause they are found in many naval graphic 
shops. The basic difference between the various 
types of Diazo machines is the size of ma- 
terial they will accommodate, Тһе smallest 
Ozalid machine accommodates materials up to 
9 inches wide, while the largest will accept 
materials up to 54 inches wide. The machine 
that accommodates materials of a 16-inch width 
is shown in figure 4-1 and will be discussed 
in subsequent material. 

The Ozamatic is a table model unit, Within 
this unit are four major sections, These are the 
printing, developing, cooling and exhaust sections, 


PRINTING SECTION 


Figure 4-2 illustrates the principles of opera- 
tion of the printing and developing sections. Of 
particular interest at this point is the printing 
section, This section is divided into 4 basic 
units: light source, reflector assembly, print- 
` ing cylinder and feed belts, 

During the reproduction process the original 
and a piece of material, such as paper that has 
been sensitized (coated with a light sensitive 
dye), are inserted into the machine. Sensitized 
material is placed emulsion side up on the 
feedboard, with the original placed on top. Ori- 
ginals should be of a transparent or translucent 
nature with an opaque image on one side only. 
Feed belts carry this material around the re- 
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45.296 (142A) 
Figure 4-1, — Ozamatic Ozalid machine, 


volving printing cylinder where the dye of the 
treated paper that is not covered by the opaque 
image of the original is desensitized by the ultra- 
violet light rays emitted from the mercury-vapor 
lamp. After exposure, the original and print 
are picked off the printing cylinder by the pickoff 
assembly, and directed towards the developing 
section. 

Following pickoff, the guide roller directs 
the original and print between a printer andtrac- 
ing separator belt, These belts cause the print 
and the original to be delivered to two separator 
tank assemblies where the original and print 
are separated from each other, 


The process of separation is unique and is 
therefore worthy of further discussion, Critical 
to the operation of separation are perforations 
in the walls of the two separator tanks, During 
operation, air that is drawn through these holes 
causes a difference in pressure that causes the 
original to follow the tracing belt and the print 
to follow the printer belt. Thus, the original 
and print are separated and directed in differ- 
ent directions, The original moves out of the 
machine and the print moves into the develop- 
ment section where ammonia vapors develop 
those areas that were not desensitized, It should 
be noted that it is possible, should the need arise, 
to direct both original and print out of the machine 
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Figure 4-2,— Principle of operation, 
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before they go to the developing section, All 
that is necessary to accomplish this is tooperate 
a lever. When the lever is operated a group of 
fingers is extended which cause the print to be 
directed out of the machine along with the 
original. One instance in which it is desirable 
to remove the print is when the sensitized 
paper is coated on both sides. In this instance 
the second side will be exposed before any 
developing takes place. 


DEVELOPING SECTION 


The developing section consists of a per- 
forated stainless steel developing tank. This tank 
is continuously supplied with ammonia from an 
ammonia supply tank through a gravity feed 
system (fig. 4-3). This feed system permits 
a smooth, even flow of ammonia, thus mini- 
mizing the possibility of air or vapor locking 
of the feed tubing. The amount of ammonia fed 
into the developer is controlled by a feed regulator 
to a rate of approximately 50-60 drops per 
minute, The ammonia is directed into evaporat- 
ing drip trays that are suspended inthe developer 
tank, Fastened to these trays are electric heater 
rods. These rods, in conjunction with a second 
thermoswitch controlled heater located in the 
developing tank, serve to heat the ammonia and 
thereby accelerate the formation of ammonia 
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vapors. These vapors in escaping through the 
holes in the upper part of the developing tank 
activate the image on the print, Thus, a semi- 
permanent image of those areas that were not 
desensitized in the printing section is developed 
on the print as it passes across the vapors, 

In order to protect the machine from flooding 
with ammonia when the machine is secured, an 
automatic shutoff valve is located in the ammonia 
feed line. This valve shuts automatically when 
the machine is secured, and is automatically 
opened when the machine is turned on thereby re- 
emitting ammonia to the feed tray. 

A second ammonia supply system being used 
in some machines is called the anhydrous ammonia 
system, Cylinders filled with anhydrous ammonia 
supply the developing section with an ammonia 
vapor, This vapor is directed into the developer 
tank where it is distributed with the aid of distilled 
water that is fed into the drip trays, 

For safety reasons cylinders should be stored 
away from heat and sunlight. Do not allow the 
temperature of the cylinders to reach atempera- 
ture above 125 degrees F. Position the cylinders 
upright and firmly attach them with a chain or 
strap to a rigid supporting member such as a wall. 

Cylinders are attached to the developing tank 
through a system of piping and fittings. When 
changing a cylinder, close the valve on the ex- 
pended cylinder tightly by turning it clockwise, 
















AMMONIA FEED REGULATOR тес 


142.330 
Figure 4-3. — Ammonia flow system. 
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Bleed off all pressure remaining іп the feed line 
by turning on the ammonia flow in the machine, 
Disconnect the fitting or yoke cylinder connection. 
Replace the cylinder and remove the protecting 
valve cap and insure that a teflon washer is in 
place. Connect the fitting or yoke cylinder con- 
nection. Make sure all connections are tight. 
Open the cylinder valve, Check for possible leaks 
on all connections by holding a piece of unexposed 
and undeveloped diazo paper close to the con- 
nections, If the diazo paper discolors, retighten 
connections, 

A uniform flow of ammonia is maintained by 
а pressure gage located between the cylinder and 
the developing section, In addition the pressure 
gage indicates the amount of available ammonia 
left in the cylinder. A new cylinder will have a 
gage reading of 150 while an empty cylinder will 
indicate a reading of 50. 

After passing through the pressure gage the 
ammonia travels through a flow meter. The flow 
meter is located on the front of the machine 
which is within easy reach of the operator. With 
this meter the operaotr is able to turn on or off 
the ammonia flow. Additionally he is able to ad- 
just the flow obtaining maximum development 
with a minimum amount of ammonia. Using this 
type of development system the operator is able 
to turn the ammonia supply on only when develop- 
ing, thus saving ammonia during warm-up and 
periods of idling or nonuse, 

To aid in the distribution of the ammonia 
vapor within the developing tank, a water supply 
is used, Water is fed into the evaporating drip 
trays creating additional vapor which increases 
the ammonia's effectiveness, This water supply 
is controlled by a feed regulator (located on the 
front of the machine), Also the amount of water 
being supplied is visible through a tube above the 
feed regulator, Adjust the water flow to 60 drops 
per minute, and insure that a constant dripping 
of water is reaching the machine or the drip trays 
may be damaged. 


COOLING AND EXHAUST SYSTEM 


Excessive amounts of heat or ammonia vapors 
should not reach the room in which the machine is 
located because of the installed exhaust and cooling 
system. The system consists of twin blowers 
driven by a motor which exhausts fumes and hot 
air from the machine enclosure through a vent 
to the outside atmosphere. Therefore, a partial 
vacuum is created within the machine covers 
thereby causing air to flow into the machine 
rather than the counterflow that would otherwise 


exist, A blower time switch operates the blower 
motor independently of the rest of the machine, 
thereby ensuring the removal of vapors and 
hot air after the mercury vapor lamp is turned 
off, The switch may be adjusted to operate for 
any given length of time up to 30 minutes. 


OZALID MACHINE OPERATION 


A short warmup period is required before 
material can be fed into the machine. Always 
follow manufacturer's instructions during ma- 
chine operation. 


Starting the Machine 


1. Make sure that the developer drain tube is 
inserted in the residue bottle (fig. 4-3). Then 
fill the storage tank with ammonia, If bubbles 
are encountered in the feed system due to in- 
creased temperature or high altitude, the am- 
monia should be diluted with cold water, Usually 
a 1/8 to 1/4 dilution is sufficient, 

2. After the ammonia storage tank has been 
filled, turn on the main switch and adjust the 
ammonia feed to 50-60 drops per minute. At 
high speeds (30 feet per minute and above) 
drops per minute can be increased. On virtually 
all modern, large-size Diazo machines, ammonia 
feed is automatically increased and decreased 
to correspond with variation of machine speed. 

CAUTION: During machine operation, the am- 
monia feed regulator should never be turned com- 
pletely off. If the machine is left running and 
no moisture is entering the developer section, 
the evaporation tray and heater rods are likely 
to be warped due to excessive heat. 

3, After a short warmup period the machine 
is ready for operation, The machine should be 
run for approximately 20 minutes or until the 
operating temperature is between 180? -210*. 
Time and temperature may vary; therefore, 
always follow the manufacturers instructions. 
Feed the material into the machine with the 
original on top, adjusting the speed of the ma- 
chine so that a clear print is obtained. 

Printing speed is dependent on the trans- 
lucency of the original and the density of the 
opaque image, also on the type of sensitized 
material used, 

Running the machine at speeds that are too 
fast will result in a background on the print, 

Running the machine too slow will cause 
the image to be weak or missing from the print 
altogether, The only positive method for obtain- 
ing the correct speed for your machine is by 
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running a test because each machine's light 
intensity changes with age. 


Stopping The Machine 


When stopping the machine, turn the am- 
monia flow off, then feed a sheet of porous 
wrapping paper 16 inches wide into the machine, 
Stop the machine with the paper in position 
around the printing cylinder and between the 
sealing sleeve and the perforated tank, This 
will prevent the sleeve from sticking to the 
perforated tank top and will also protect the 
belts from the heat of the cylinder while it is 
cooling. 


ADJUSTMENTS AND MAINTENANCE 


Normally, when the machine is first installed, 
no adjustments are required, Occasionally, how- 
ever, some readjustment may be necessary due 
to atmospheric changes which may cause shrink- 
age or expansion of some of the belts. These 
adjustments should be performed in accordance 
with manufacturer's instructions and only by 
qualified personnel. 


Maintnenace 


The following maintenance is required: 
1, Daily: 


a. Empty residue bottle after at least 
every 8 hours of operation, Never re-use re- 
sidue water. 

b, Replenish ammonia supply. 

c, Clean outside of cylinder with glass 
cleaner. (Operate machine at slow speed while 
cleaning the cylinder.) 

а, Clean the feedboard, tracing receiving 
tray, and print receiving tray. Keep them free 
of foreign objects. 


2. Weekly: 


a, Clean inside of cylinder when machine 
is COLD using the following procedure: 


(1) 
(2) 
(3) 


Open door at each end of lamp 
housing. 

Remove lamp connector from each 
end, 

Swing triangular stop aside and 
withdraw lamp assembly. 


(4) Clean inside of cylinder—wrap a 
damp clean cloth around a swab and 
wipe cylinder while in slow motion. 
Repeat procedure with dry cloth 
around swab until cylinder is thor- 
oughly clean. 

(5 Wipe lamp assembly with а DAMP 
cloth, 

(6) Reinstall lamp assembly. 


important; handle lamp assembly with 
great care, as it is fragile and expensive. Do 
not attempt to remove the lamp from the ma- 
chine until it has cooled, Always rest the lamp 
assembly flat on а table; never stand it on 
end, 


3. Monthly: 
Lubricate bearings and drive chain as- 
sembly sparingly with No. 10 motor oil. 


4, Semiannually: 


Clean all suction. holes of rotating trac- 


ing separation drum with pipe stem cleaners. 
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5. Annually: 


а, Lubricate bearings and drive chain spar- 
ingly with №. 10 motor oil. 

b, Remove all hoses of airflow system 
and clean out dust and dirt, 


6, Whenever necessary: 


а. If developer sealing sleeve becomes 
tacky, remove it from the machine, wash both 
the inside and outside thoroughly with soap 
and water, and dry well. Never attempt to wash 
sealing sleeve while it is in the machine, 

b. It is advisable to clean the perforated 
side of the developing tank at the same time, 
Use any commercial cleaning fluid, This will 
prevent any smudging of prints due to dirt 
accumulations on the perforated side, 


DIAZO MATERIAL 


Trade names and designations used in this 
section reflect products of the Tecnifax Cor- 
poration. Similar material is available from 
other sources under different names and de- 
signations. Basically all diazo products are ma- 
terials that have been coated with a light sen- 
sitive dye that will develop when exposed to 
ammonia. 
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Рарег 


Standard weight paper provides a black or 
blue image on a white background, The printing 
speed for paper is described as rapid, Paper 
is available in sheet sizes that range from 
8 by 10 to 34 by 44 inches, or in rolls that 
range in widths from 11 inches to 42 inches 
with lengths of 50 or 100 yards, 

Colored paper provide black or blue images 
on blue, green, pink, or yellow stock.. 

Plastic coated papers are now available which 
give a Slightly glossy print with better line den- 
sity than the standard paper. 


Card Stock 


Card stock is ideal for producing prints for 
file cards or book covers where rigidity is 
desired. Colored card stock has а black 
line image on white, cherry, or blue 
backgrounds, Sheet sizes range from 3 by 5 to 
30 by 42 inches, Printing speed for card stock 
is also described as rapid. 


Cloth Backed Paper 


Cloth backed paper is used mainly for flip 
charts and engineering prints which require re- 
peated handling. This type stock has a black 
image on a white background and comes in 
sheet and roll sizes similar to standard paper, 
Printing speeds are described as standard, 


Continuous Tone Paper 


Continuous tone paper is designed to make 
copies of photographic prints. Continuous tone 
reproductions of photo prints are run from film 
positive masters (photo prints on film rather than 
photographic paper). Sheet sizes range from 
4 by 5 to 28 by 40 inches, Rolls range from 
30 to 42 inches wide and 10, 20,0r 50 yards long. 
The printing speed is rapid. 


Sepia Line Intermediates 


Sepia line intermediates are used as duplicate 
originals, These intermediates are prints from 
which additional prints can be made, saving 
wear on the original. Using the sepia inter- 
mediate it is possible to keep emulsion-to- 
emulsion contact in each generation resulting 
in a sharper image. In addition sepia has a greater 
density and is capable of delivering a darker 
image than the original, particularly when the 


original is in pencil, Sepia has a rich, mahogany 
image color that blocks the ultra-violet light 
rays. Base materials may be a vellum base 
treated with a plastic transparentizer, which 
allows the passage of the light rays, Sheet and 
roll sizes are similar to those of the standard 
paper. Corrections can be made on the sepia 
prints by using a solution of intermediate cor- 
rector to remove the image, then adding the 
pencil or ink correction. 


Polyester Sensitized Drafting Film 


Polyester drafting film provides a black or 
sepia image on a dimensionally stable polyester 
film base. The image appears on the glossy 
side of the film while the reverse side has a 
matte surface which will accept pencil or ink 
additions or corrections. Drafting film is a- 
vailable in sheet and roll sizes similar to stand- 
ard paper sizes, 


Transparentizer 


Transparentizer is capable of making most 
opaque papers sufficiently translucent so that 
they may be used as originals for diazo copies. 
Transparentizer may differ from company to 
company therefore follow the directions on the 
container labels. 


Foils 


Diazochrome foils have atransparent colored 
dye-image on a clear cellulose-acetate film, 
and are designed to be used on the overhead 
projector, Sheet sizes range from 4 by 5 to 
30 by 42 inches, Rolls are 30, 36, or 40 inches 
wide, and available in lengths of 10, 20, and 
50 yards, Printing speeds vary depending on the 
dye-image. 

Standard-weight (.005') Diazochromes аге 
available in two density-series: the ''K''-series 
(maximum density) and the ''P''-series (pastel 
density). The "K''-series is available in black 
(KBK) and eleven colors: Sepia (KSP), Brown 
(KBR), Reddish-Brown (K-MAX), Blue (KBL), 
Yellow (KYI), Magenta (KMG), Cyan (KCY), 
Red (KRD), Orange (KOR), Green (KGN), Violet 
(KVT). The ''P''-series is available іп black 
and seven colors: Blue (PBL), Red (PRD), Yellow 
(PYL), Orange (POR), Brown (PBR), Magenta 
(PMG), Cyan (PCY). Since the Diazochrome 
image is transparent, it is possible to achieve 
secondary colors by superimposing one color 
over another. For example: blue over yellow 
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produces green, red over blue produces purple, 
etc. The range of available colors makes it 
possible to prepare multicolor viewgraphs for 
overhead projection, 

Maximum-density Diazochrome- Black (КВК) 
is available on four tinted films, as well as on 
clear film. The four tints are: Blue (KBKB), 
Green (KBKG), Pink (КВКР), Yellow (KBKY). 
The tinted bases not only lend color and interest 
to projectuals, but also reduce the glare from 
blank areas of the screen image. KBKD is a 
clear, black-image film which is double-coated, 
producing identical images on both sides of the 
film. It provides superior opacity for negative 
projectuals, called reversals. 

For continuous-tone photographic subjects, 
a black, continuous-tone Diazochrome is avail- 
able (K-Tone). 

Sepia and Black Diazochromes are available 
with a matte surface on the reverse side that 
accepts either pencil or ink for additions to 
projectuals. Films having a matte surface аге 
are designated with the suffix ''M,'' as follows: 
Sepia (KSPM), Blue (KBLM), and Black (КВКМ). 

Sepia and Black Diazochromes are also avail- 
able on a heavier base (.0075'') for applications 
which require unusual durability, Both colors 
are available either on clear film (KBKH), or on 
matte-surfaced film (KSPHM and KBKHM). 

Double-weight films are recommended for 
applications in which exceptional durability and 
flatness are required, The film's double weight 
makes it possible to use it as an overhead pro- 
jectual without mounting it on the usual projectual 
mount, Double-weight films are available in black 
only, on clear film (KBKX), or on tinted films 
(KBKXB-blue, . .KBKXG-green, . .KBKXP-pink 
. « 4KBKXY-yellovw). 

Triple-weight double-coated (,015") KBKXXD 
yields an identical black image on both sides of 
a triple-weight, cellulose-acetate film. It is 
especially designed for sliding and hinged masks 
for projectuals of the progressive-disclosure 
type. The double image provides superior opacity 
for masking, and the film's flatness and rigidity 
facilitate manipulation. KBKXXD's weight and 
flatness also make it suitable for projection with- 
out the projectual mount, 


Tecnisheen and Tecnibronze 


Tecnisheen is a chrome-type black (ALBK), 
blue (ALBL) brown (AL-MAX), or red (ALRD) 
sensitization on an aluminized, plastic-coated 
card-weight paper. The black sensitization is 
also available on green-tinted (ALBKG) and 
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yellow-tinted (ALBKY) backgrounds, The red 
sensitization is also available on a yellow-tinted 
background (ALRDY). 

Tecnibronze (BRBK) is a chrome-type black 
diazo sensitization on a bronze-surfaced, plastic 
-coated card weight paper. 

The colored, metallic backgrounds of Tec- 
nisheen and Tecnibronze provide striking two- 
color effects for covers, displays, posters, and 
signs, However, outdoor use of Tecnisheen and 
Tecnibronze will cause the image to fade very 
quickly, within two to three days approximately 
the image will be faded so much the sign will be 
unsuitable, 


Varicolor 


Varicolor is a material which produces as 
many as five colors on one print. The colors 
are red, yellow, blue, brown, and black. Two 
bases are available: clear plastic film (KVR) 
and aluminized, plastic-coated paper (ALVR). 

Expose varicolor in the same manner as 
any Other diazo-sensitized material, After you 
have exposed the material, a yellow image will 
be visible on the print. Color former solution 
(a different one for each color) is applied to 
this image with cotton swabs, as desired for 
the various sections of the print, Final develop- 
ment is accomplished by passing the print through 
an ammonia developer. The result is a multi- 
color print on one base, 


HEADLINER 


An Illustrator Draftsman may be called upon 
to use a photographic lettering machine such 
as a Photo Typositor, Strip-Printer, or Head- 
liner, Because the Headliner (fig. 4-4) is the 
most popular type in use today, the operation 
and care of this machine will be discussed in 
subsequent sections, Additionally, even though 
the Headliner can use either paper or film, this 
chapter will address the use of film. The use 
of paper is identical to that of film and will, 
therefore, not be discussed. 


PRE-OPERATION 


Before the Headliner can be operated, there 
are a series of events that must take place. 
These include: preparation of the developer 
section; insertion of film; selection and insertion 
of the TypeMaster; setting the lighthouse opening, 
word and letter spacing, line length dial, line 


57.21.0BX (142A) 


Figure 4-4.— The Varityper Headliner. 


selector, exposure intensity, front switch, and 
nonprint switch. Each of these operations will be 
discussed in followup topics. 


Developer Section 


The developing process depends upon the use 
of a developer, fixer, and water wash. Each of 
these chemicals is available as a fluid or pow- 
dered chemical. The latter must be mixed with 
water prior to placing it into the developer tanks, 

Powdered chemicals are to be mixed with 
water in accordance with the instructions con- 
tained on the chemical packaging. After mixing, 
these chemicals should be placed in colored 
bottles and stored in a cool location that is out 
of direct light. These storage requirements also 
apply {о the ready mixed chemicals, If these re- 
quirements are not observed, the shelf life of 
the solution will be shortened, 

The developer section (fig. 4-5) is divided 
into three tanks. Each of these tanks is filled 
with a specific quantity and type of fluid, The 
type of fluid to be added (water, fixer, developer) 


is clearly marked on each compartment. When 
filling, proceed as follows: add indicated quantity 
of clear, cool (approximately 68° F) tap water 
into the water section; developer and fixer are 
added into their respective compartments, Follow 
the directions for using chemicals as indicated 
on their packaging, 

After filling, insert the top cover of the tank 
into the bottom ensuring that the top section tab 
is firmly seated in the bottom section tab recess, 
While the machine is running the entire assembly 
is then placed in the opening, in the right side 
of the machine, enabling the sprockets of the 
tank to align with the machine's timing chain. 


During the developing process, if you notice 
that the film turns milky white in color, itis 
possible to substitute fixer for water, Additionally, 
there is available a photoflow chemical that can 
be added to each tank, This chemical acts as 
a lubricant between the film and developer tanks, 
As such, it reduces the possibility of the film 
binding. One or two drops of photoflow are placed 
into each compartment of the tank, 
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SOLUTION LEVEL STEP 





BOTTOM SECTION 


TOP SECTION 


Insertion of Film 


Film loading is a simple job that involves 
the following steps: 


. Raise front cover, (Fig. 4-4) 

. Pull out paper feed clutch knob, 

Raise the paper roller, 

. Insert film packet into film well. (Fig. 4-6) 
. Pull leader end from film packet 10-12 
inches, 

Insert end of leader into channel opening as 
shown in figure 4-6, Ensure the lead strip 
is under the paper-out switch actuator, 
along the channel guide and under the top 
edge of the position indicator and under the 
paper guide, 

Lower the paper roller. 

Push in feed clutch knob, 

Turn paper feed knob and monitor that the 
film is being fed into the channel guide 
opening. If the paper does not feed pro- 
perly, push the paper deeper into the channel 
guide opening until it is properly engaged 
with the feed sprocket, 
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SLOT 


TAB 


148,331X 
Figure 4-5, — Developing tank, 


10. Lower front cover. 
11. Turn paper feed knob clockwise one full turn 
plus one inch to remove exposed film. 


TypeMaster 


The TypeMaster shown in figure 4-7 is one of 
many types that are available, Each ofthese fonts 
(grouping of characters of common size and style) 
will vary in point size and style oftype. Indications 
of the printing characteristics of each TypeMaster 
is by a code consisting of a number and letter 
combination, Letters, such as ML-for (multiline) 
and V for (VariTyper), may appear before the 
number code, The first two digits of the number 
(18) indicates the point size. Subsequent digits 
(71) reveal the style of type. Letters U and L 
indicate upper and lower case respective, Other 
pertinent identifying information is also indicated, 
such as font, lighthouse setting, and line selection, 
More on this later. 

Finally, a TypeMaster can produce a positive 
image or negative image with the positive image 
being more common, However, the type of font 
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image you select is dependent upon the desired 
features of the completed strip film or paper. 
If, for example, you desire white characters on 
a black backgound then select a TypeMaster that 
produces a negative image. 


When installing the TypeMaster, insert it 
right-side up (as you read it) under the light- 
house until the center drive plate locating pin 
enters the centerhole of the TypeMaster. (See 
fig. 4-8) The selector knob is then turned until 
the side locating pins enter the holes in the 
TypeMaster, When the TypeMaster drops into 
position, press it down onto the drive plate to 
ensure that it is firmly seated. 


Lighthouse Opening 


The width of exposure light is critical and 
must be adjusted to correspond to the width 
of the TypeMaster characters. If the lighthouse 
size is too large, parts of other characters on 
the TypeMaster would be printed, or if too 
small, the character would not be completely 
printed. 





POSITIONING 
INDICATOR 


FILM WELL 





142.332X 
Figure 4-6, — Inserting film in Headliner. 


The correct lighthouse setting is indicated 
on each individual TypeMaster. All that is re- 
quired is to set the lighthouse control lever 
to the corresponding number on the control 
lever indicator scale, See figure 4-8. 


Wordspacing Dial 


The wordspacing dial provides the operation 
with a numerical indication of the amount of space 
that is advanced between words. Located as shown 
in figure 4-9, this dial indication is controlled 
by the wordspacing dial placed on the right 
side of the machine, After insertion of the Type- 
Master, the control is moved until a number 
equal to the point size indicated on the Type- 
Master is split by the dial indicator, When this 
condition is established a proper and uniform 
wordspacing will exist on the completed film. 


Letterspacing Dial 


Located next to the wordspacing dial is the 
letter spacing dial. This dial indicates the a- 
mount of spacing between characters. Controlled 
by the letterspacing knob on the right side of 
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Figure 4-7, — Typemaster. 


the machine, the normal setting is ''0'', How- 
ever, this setting can be advanced from "0" 
іп the (+) direction or from ''0'' in the (-) di- 
гесбіоп, Advancement in the (+) direction will 
increase the amount of space between letters, 


Conversely, advancement in the (-) direction 
will decrease space. 


TÉ 


When setting the letterspacing, as well as 
wordspacing, in order to prevent lost motion 
in the adjustment mechanisms from interfering 
with adjustment accuracy, always approach the 
desired setting from the same direction, For 
example, always turn the dial knob in such a 
direction that the monitoring раре shows 
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Figure 4-8. — Lighthouse setting. 


movement towards a number that has a higher If the desired setting is overrun return to 
value than the number desired, then reverse your the higher number and start again. 

direction of motion and approach the desired In the case of letterspacing adjustment, first 
number from the high side stopping when the turn the dial until the indicator of the letter- 
desired value is obtained. spacing indicator is aligned with (-) 9, then 
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142.335X 
Figure 4-9. — Spacing dials. 
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to the desired setting. Again, if you overshoot, 
start over. 


Line Length Dial 


A dial is provided to indicate the cumulative 
amount of film that has been used, Units of 
measurement are in inches and picas, The dial 
shown in figure 4-4 can be manually reset to 
zero, and operation that will not result in film 
movement, provided the line length dial is turned 
as opposed to the paper feed knob, Therefore, 
if you want to place the dial in the zero position, 
without film advancing, manually rotate the dial. 
If film advancement is desired use the paper 
feed knob. 


Line Selector 


Headliner model (860) will produce one, two, 
or three lines of characters on the film depending 
on the TypeMaster used. To produce three lines 
of characters, it is necessary to use a multiline 
TypeMaster with three rows of characters, 

A line selector knob, with settings indicated 
by letters, is located near the top of the machine, 
Adjustments are made to this knob when it is 
necessary to print either one, two, or all three 
lines at one time. The selector knob must be 
at the (N) normal position when printing with 
a TypeMaster that has only one line of characters, 
or when printing all three lines of a multiline 
TypeMaster at the same time. Multiline Type- 
Masters will indicate what letter setting cor- 
responds to each individual line, For printing 
one or two lines set the knob to the setting 
indicated on the TypeMaster, 


Exposurminder 


Also installed on the front of the instrument 
is an Exposurminder (fig. 4-10). This meter 
serves to assist the operator in maintaining a 
proper and uniform electrical current to the 
lighthouse lamp under varying supply voltage 
conditions, Thus, by maintaining a uniform light 
intensity, proper character density is assured. 

Associated with this meter are a read push- 

button and an adjust knob, The read pushbutton 
is depressed when it is desired to check the 
value of lamp current, Because current flows 
through the lamp when this switch is depressed, 
the film directly under the lighthouse is exposed, 
After checking and/or adjusting the lamp current, 
advance approximately 2 inches of film in order 
to bypass the exposed portion. 
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142.336Х 
Figure 4-10. — Headliner control panel, 


The adjust knob is used to set the lamp current 
at the desired level as monitored at the Ex- 
posurminder, Five is the normal Exposurminder 
setting. This setting does not have to be changed 
for different sizes or styles of print. It can, 
however, be adjusted to lighter or darker values 
to meet particular requirements, such as when 
under or over exposure is desirable to com- 
pensate for deterioration of chemicals or to 
reduce exposure following the addition of chemi- 
cals, Turning the adjust knob counterclockwise 
will reduce lamp current flow, as indicated by 
meter pointer movement to the left (lighter). 
The net effect will be a reduction in the intensity 
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of the light rays emitted from the lamp with a 
corresponding reduction in exposure, 


Font Switch 


Shown in figure 4-10 is the font switch which 
has two positions marked half and full. The position 
of the switch is determined by font size which 
is indicated on the TypeMaster. Accordingly, 
when using а TypeMaster that indicates ''full 
font'' the font switch in placed in the full position, 
When using a TypeMaster that indicates "half 
-font'' place the font switch in the half position. 
No other adjustment is required. 

When on the half-font setting, the machine 
will space twice for each character printed. 
Thus the operator will be required to slow down 
his rate of speed so as not to exceed the machine's 
rate of spacing and printing. 


Nonprint Switch 


There will be occasions when it is necessary 
to determine the space a strip of headlining will 
occupy prior to printing, for example, during 
copyfitting. The nonprint switch (fig. 4-10) pro- 
vides this capability. Copyfitting, utilizing the non- 
print switch, should proceed as follows: 


1. Set line length dial to zero. 

2. Place nonprint switch in nonprint position. 

3. Compose the copy. Note the length of the 
strip on the line length dial. If the indicated 
length is not correct you may add or sub- 
tract from the line length by adjusting the 
wordspacing and letterspacing dials. 


The correcting process can involve varying 
letterspacing, wordspacings, or a combination of 
letter and wordspacing. Regardless of the cor- 
rective method selected, the process of correction 
is of a trial-and-error nature, When completed, 
you do not want letters that are bunched together 
and words that have an excessive spacing. Con- 
versely, you also do not want letters that are 
spread apart and words that are bunched together. 


4. Return the unexposed film to the film packet 
by pulling out the paper feed clutch knob and 
turning the paper feed knob counterclock- 
wise; push in the paper feed clutch knob and 
reset the line length dial to zero. 

5. Transfer the nonprint switch to the print 
position. 

6, Print the copy. 


OPERATION 


Operation ofthe Headliner is relatively simple. 
The first step when using this machine (assuming 
that the machine is ready for use with TypeMaster 
in place) is to check the settings of the machine 
in accordance with the TypeMaster used, Select 
the character you desire to print, This 18 ac- 
complished by turning either the selector knob, 
or the TypeMaster itself, until the desired 
character is centered in the type indexing circle 
(fig. 4-8). Next, trip the print space switch (left) 
to the print position, Continue this procedure 
for the remainder of the first word, 

To space between words trip the print space 
switch (right) to the space position, Then print 
your next word. When you complete your head- 
lining, turn the paper feed knob until the line 
length dial has made one complete revolution 
(7 1/2 inches) plus one inch, (This moves the 
printed film well out of the way of the cutting 
knife.) Raise the cutoff and feed lever and hold 
it in the up position until the developing light 
goes on, then release the lever. 

The least amount of film that can be pro- 
cessed in the developing tank is 18 inches, Until 
13 inches have passed the cutoff and feed lever, 
this lever cannot be raised, Accordingly, in 
case of short line composition, it will be necessary 
to manually feed paper until 18 inches has been 
placed into the storage chamber. The longest 
length of film that can be printed and stored in 
the machine before developing is 4 1/2 feet. 
Within 6 inches of this length a bell will sound, 
signaling the operator that the maximum length 
of film is in the machine, If the bell is not heeded, 
the machine will shut off automatically at 4 1/2 
feet. If this occurs, advance your film by turning 
the paper feed knobuntil the line length dial mades 
one complete revolution plus one inch. Then, 
raise the cutoff and feed lever to start the 
machine, and send the film through the developing 
tank, You may start composing a second strip 
as the first strip is developing. 

Because the machine may have stopped auto- 
matically in the middle of a word, or sentence, 
it is advisable to start composing the remainder 
of your text as a point that is backward from 
where you were when the machine stopped, such 
as at the beginning of the sentence or word, This 
practice will avoid problems of splicing at an 
inconvenient point in your copy. 

Additionally some models of the Headliner 
have a button that when depressed allows the 
operator to override the automatic shutoff fea- 
ture. Thus, an amount of film longer than 4 1/2 
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feet may be composed. The button is located 
on the left side of the machine near the print- 
space lever, This location allows the operator 
to hold the button in with the same hand he is 
using to operate the print-space lever, 

After the film has been developed, it must 
be washed in clean tap water and then dried, 
When removing the excess water, use some 
form of soft synthetic material. Do not use your 
fingers or any coarse material, for these can 
scratch the film. 

If the paper-out light comes on prior to com- 
pleting your layout, complete your word, if re- 
quired, then advance, cut, and develop the film 
as previously discussed, Replenish the film supply 
and continue as required, 


MAINTENANCE 


Cleaning will be the most important main- 
tenance factor. The developing tank should be 
cleaned after 8 hours of use. Rinse the tank 
with cool tap water (never use hot water), The 
developing tank should be cleaned weekly with a 
tank cleaner solution that is available from a 
commercial supplier. If the tank cleaner is not 
available, warm water and detergent may be 
used, Pay particular attention to the cleanliness 
of the bottom of the developer section, 

The developing tank well, or compartment, 
and film storage chamber should be cleaned with 
a damp cloth at least weekly. After cleaning the 
compartment and chamber be sure the back cover 
is secure to prevent light leakage. 

TypeMasters may be washed if they become 
dirty. Store your TypeMasters in a flat position, 
film side up. Separate storage compartments or 
pigeon holes should be provided for each Type- 
Master, 

If the lighthouse bulb burns out, the Ex- 
posurminder needle will not move, Remove the 
lighthouse cover and replace the bulb. Bulbs 
are either the bayonet type or the screw type. 
Replace the lighthouse cover. 

See figure 4-11 for troubleshooting aids. 


STILL PICTURE PROJECTORS 


Many types of still picture porjectors are 
available for the projection of graphics arts ma- 
terials. The more common of these types include 
overhead, opaque, lantern-slide, and 35-mm pro- 
јесіогв. 

Ав an Illustrator Draftsman, you will en- 
counter many instances where you will be re- 
quired to set up and operate these projectors, 
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as well as prepare materials for use in them, 
Therefore, it is necessary that you have a work- 
ing knowledge of the operation and maintenance 
of the more common types, 


OVERHEAD PROJECTOR 


The overhead projector shown in figure 4-12 
is used to project images from projectuals which 
must be transparent with a colored or opaque 
image. Instructors find a desirable feature of the 
overhead projector is that it may be used ina 
room without turning off the lights, Additionally 
the size of the projectual is large enough to 
allow the instructor to work directly on it as he 
is talking. By writing on clear acetate with a 
grease pencil, the instructor can create a pro- 
jectual while instructing his class, 

The projector can be set up on either side 
of the screen, For classroom use, it is normally 
located in front of the screen, allowing the in- 
structor to operate it while he is instructing his 
class, 

For command briefings, the projector is 
usually placed behind the screen so that it offers 
no interference to the audience, 

Placement of the projector requires the opera- 
tor to consider the best possible arrangement for 
each situation, Several points to keep in mind 
are: 


1. Place the projector on a table or stand at 
such an angle that the projected image will be 
nearly a perfect rectangle, Projectors not pro- 
perly placed will result in an image that is 
keystoned (wedge-shaped). Remember in some 
cases it may be possible to adjust the angle 
of the screen, 

2. Make every effort ot ensure that each 
member of the audience willl be able to see. 
However, also keep in mind that the farther 
you move the projector from the screen the less 
intense the projected image will be. 

3. Projected images should be viewed with- 
out having to shift the eyes over to wide a range. 
Seating the audience at a distance no closer than 
twice the width of the image will take care of 
this requirement, 


The location of the projector in relation to 
the screen will also affect the manner in which 
the projectuals are placed on the device, The 
bottoms of the projectuals are always placed 
бо that they are facing the screen, Front pro- 
jection, where the projector is located on the 
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PROBLEM PROBABLE CAUSE 























CHEMICALS NOT CORRECTLY MIXED OR IN REPLACE CHEMICALS. 


WRONG TANK COMPARTMENTS. 


BLANK FILM AFTER PRINTING AND 
DEVELOPING. 







TIGHTEN BUL8 OR REPLACE WITH NEW ONE. 





EXPOSURE BULB 15 LOOSE OR BURNED OUT. 





INDISTINCT OR GRAYISH CHARACTERS. EXPOSURMINDER SETTING TOO LOW. SET EXPOSURMINDER AT HIGHER SETTING. 








DEVELOPING SOLUTION HAS BECOME WEAK REPLACE WITH FRESH DEVELOPER. 
FROM USE. 












PRESS TYPEMASTER DOWN ON CENTER 
DRIVE PLATE. 


TYPEMASTER NOT FIRMLY SEATED ON 
CENTER DRIVE PLATE. 


CHARACTERS NOT SHARP. 





EXPOSURMINDER SETTING TOO HIGH. SET EXPOSURMINDER AT LOWER SETTING. 













IF ONLY CERTAIN CHARACTERS OF ONE 
TYPEMASTER ARE NOT SHARP, THE TYPE- 
MASTER IS WARPED AND SHOULD BE RE- 

PLACED. 


WARPED TYPEMASTER. 












LIGHTHOUSE OPENING INCORRECTLY SET CHECK LIGHTHOUSE SETTING. 


FOR TYPEMASTER BEING USED. 


ONE SIDE OF CHARACTERS CUT OFF. 













MOVE FONT SWITCH TO HALF FONT 
POSITION. 


FONT SWITCH NOT IN CORRECT POSITION 
FOR HALF-FONT TYPEMASTER. 


CHARACTERS TOUCHING OR OVERPRINTING. 



















CHECK THE INDEXING SLOT OF THAT 
CHARACTER AND CLEAN WITH A BLADE OR 
FINE FILE. 


IF ONLY ONE CHARACTER CONSISTENTLY 
TOUCHES THE NEXT CHARACTER, THERE MAY 
BE DIRT IN THE CHARACTER'S INDEXING 

SLOT. 









CHECK IF FILM IS PROPERLY INSTALLED. 
MAKE SURE FILM IS FEEDING FREELY 
FROM CONTAINER. 


BIND IN PAPER OR FILM. 













CHECK THAT THE TYPEMASTER ROTATES 
FREELY; BE SURE IT DOES NOT RUB ON TOP 
OF PAPER CONTAINER. CHECK THAT LIGHT- 
HOUSE DOES NOT BIND TYPEMASTER. 


BIND IN TYPEMASTER. 









CHECK IF TYPEMASTER IS WARPED BY 
PLACING IT ON A FLAT SURFACE. IF IT IS 
WARPED, A BIND OR BAD SPACING MAY 
RESULT. REPLACE TYPEMASTER. 


WARPED TYPEMASTER. 








WHITE SPOTS OR STREAKS IN PRINTED COPY. DUST ON TYPEMASTER. CLEAN TYPEMASTER. 


DEVELOPING LIGHT REMAINS ON AND FILM TANK NOT PROPERLY INSERTED. PUSH TANK FARTHER INTO MACHINE. 
DOES NOT COME OUT OF DEVELOPING TANK. 


GRAYISH OR STREAK ED BACKGROUND ON CHEMICALS NOT MIXED IN CORRECT REFILL TANK WITH PROPERLY MIXED 
FILM. PROPORTIONS. SOLUTIONS. 


SIL VER DEPOSIT IN DEVELOPER COMPART- SCRUB TANK WITH A BRUSH USING WARM 
MENT OF DEVELOPING TANK. WATER AND A DETERGENT -OR, USE THE 


HEADLINER TANK CLEANING KIT. 


PAPER FEED KNOB WILL NOT FEED FILM. FILM JAMMED IN SPROCKET HOUSING. DISENGAGE PAPER FEED CLUTCH AND RE- 
MOVE FILM FROM MACHINE. TEAR OFF 
ANY WRINKLED OR TORN FILM. RELOAD 
FILM INTO MACHINE. 


MOTOR DOES NOT START WHEN MACHINE MACHINE CONNECTING CORD PLUG MAY BE CONNECT MACHINE CONNECTING CORD 
SWITCH IS MOVED TO ON POSITION. OUT OF WALL SOCKET. PLUG TO WALL SOCKET. 


MACHINE MAY BE AT 4-1/2 FT. MAXIMUM RAISE CUTOFF AND FEED LEVER. 
STRIP POSITION. 





142,337 
Figure 4-11. — Problem analysis. 


82 


Chapter 4— GRAPHICS MACHINES 








MIRROR 
ADJUSTING 


KNOB 







—— 
= ——-- 


E M 
LENS P? 
FOCUSING 


KNOB 


-o | GLASS. 


FRESNEL 
CONDENSER 


| | | 
_ REFLECTOR N 7 MIRROR ` 
BLOWER 
LAMP 
CONDENSER 
142.338 
Figure 4-12. — Overhead projector. 
audience side of the screen, requires the pro- The purpose of this arrangement is to provide 


jectuals to be placed во that they are readable blower motor operation for cooling after the 
to the operator. Rear projection, where the projection lam» has been turned off, If the heat 
projector is located behind the screen requires was not removed by the blower, the projection 
the projectuals to be placed face down, so lamp could be damaged. Also the blower motor 
that they are unreadable to the operator, maintains a constant temperature in the vicinity 
Operation of this device is simple.It involves of the lamp when the lamp is on which prolongs 
nothing more than turning оп the projectionlamp, its life, 
focusing the image, and positioning the image The source of illumination is a 1,000-watt 
on the screen, projection lamp. A concave reflector mounted 
The projection lamp and blower motor are behind the lamp reflects the light rays. The 
controlled by a three-position switch. The first glass condenser lens gathers the light rays onto 
ON position provides power to the blower motor а 45 degree mirror which deflects the light up- 
only; the second ON position provides power to ward towards the projection stage. Immediately 
both the projection lamp and the blower motor. beneath this projection stage is the specially 
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designed Fresnel lens, This Fresnel lens is 
made of a plastic material in the form ofa 
series of prismatic rings that condenses the 
light rays onto the projection lens above it. 
It is the unusual properly of this element which 
makes possible the construction of a projector 
having so large a projection stage, yet so light 
in weight and small in size, A glass condensing 
system that would perform the same job would 
be several inches thick and weigh several pounds 
with the added disadvantage of being subject to 
breakage. 

Directly above the Fresnel lens is the 10-inch 
by 10-inch projection stage where the projectuals 
are placed, The objective (projection) lens is sup- 
ported centrally over the stage. This lens focuses 
the image of what is to be projected onto a 45 
degree, front-surface mirror, which in turn 
reflects the image to the screen, 

Attachments may be provided that will allow 
you to convert the overhead projector into a 
device that will project 35-mm slides, 35-mm 
strip film, or lantern slides, Additionally a 
polarized disk may be attached to the projector 
allowing specially prepared animation projectuals 
to be shown which will give the audience the effect 
of movement. 


PORTABLE OVERHEAD PROJECTOR 


The portable overhead projector is a self- 
contained unit, (See fig. 4-13) Due to the unit's 
portability, the space between the projection 
stage and projection head is limited. As а 
result, the use of this projector with overlay- 
type projectuals is limited. Overlay projectuals 
will be discussed in chapter 14 of this manual. 


A unique feature of this device is that the 
blower motor is thermostatically controlled, This 
feature acts to amaintain a constant temperature 
in the vicinity of the lamp which prolongs its 
life. When the two-position switch is turned ON, 
power is applied to both the projection lamp and 
the blower motor. When the air passing around 
the projection lamp is heated to 130° F, a ther- 
mostatic switch closes, providing a secondary 
path for electrical power to the blower motor. 
When the projector switch is turned OFF the 
blower motor will continue to operate until the 
thermostatic switch opens. The thermostatic 
swich will open when the temperature of the 
air passing around the projection lamp falls 
below 130° Е, For this reason power should 
not be removed from the device until the blower 
motor shuts off automatically. 
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142.339.1 
Figure 4-13. — Portable overhead projector, 


The overhead projector, shown in figure 4-14, 
is another type of portable self-contained unit, 

Overlay-type projectuals that do not extend 
beyond the top of the viewing stage can be used 
with this projector. 

This device uses a quartz iodine lamp instead 
of the standard projection lamp. The transparent 
envelope is made from quartz (instead of glass). 
Quartz resists heat, therefore permitting higher 
wattage. Caution must be observed when handling 
the quartz lamp. Perspiration stains from finger- 
prints can cause lamp failure, This lam» is also 
subject to violent failure when lighted, For this 
reason a safety switch cuts off the current to 
the lamp when the projector top is open. 


OPAQUE PROJECTOR 


The basic difference between the opaque 
projector and the overhead type is that light is 
reflected from the surface of opaque objects 
rather than passing through them, (See figure 
4-15.) Examples of opaque objects that can be 
projected with this device are a page of a maga- 
zine or book, photographs, pictures in full color, 
charts and diagrams, Also, relatively flat physical 
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142.339.2 


Figure 4-14. — Portable overhead projector, 


objects such as small machine parts, cams, gears, 
coins, etc., can Ре projected, No special pre- 
paration of the opaque objects is necessary in 
order to project them. 

The opaque object projector can be used as 
a visual aid in teaching and briefing, for the 
presentation of progress charts and similar data 
and for the comparison of small physical objects. 
It is extremely useful to enlarge drawings, maps 
or photographs so that they can be traced pro- 
portionally correct and in complete detail. 

The projector uses a 1000-watt projection 
lamp, has a projection opening of 10 by 10 inches, 
and is equipped with a 4 1/2 inch diameter, 
22-inch focal length lens. The projector is 
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equipped with an opaque object holding device 
and a conveyor belt type loading mechanism 
which permits uninterrupted projection. The pro- 
jector is provided with an optical pointer by 
means of which details anywhere on the screen 
can be pointed out by a projected light spot. 

The roll feed assembly provides a means 
for handling opaque objects of any length and 
up to 10 inches wide, The thickness ofthe objects 
should not exceed one thirty-second of an inch. 
The feed assembly also permits inserting and 
removing the copy without lowering the platen 
(fig. 4-16) assembly, The maximum $12е of the 
opaque object that can be projected at one time 
is 10 x 10 inches, 
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142,121 
Figure 4-15, — Opaque projector. 


To operated the roll feed assembly, stand 
behind the projector and hold the crank in your 
right hand, Hold the copy in the left hand, face 
up, bottom edge toward the screen and feed it 
into the left side of the projector. When the ma- 
terial is inserted approximately 1 1/2 inches, 
turnthe crank clockwise. The pressure created 
by the impelled air will hold the opaque object 
flat on the feed belt and when the crank is turned, 
the opaque object is carried into position, When 
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the next opaque object is inserted, repeat the 
operation. Inserted of one opaque object auto- 
matically removes the previous one, To prevent 
thick objects (up to 1 1/2 inches thick), lower 
the platen assembly to the locked position and 
remove the roll feed assembly by lifting it off. 
Place the opaque object upon the platen assembly 
and let it rise as far as it will go. Apply a 
continuous pressure downward on the platen 
handle to prevent the platen assembly from 
snapping upward when you release the lock, 


Although thick physical objects (not lying in 
one plane) can be projected, only one plane of 
the object can be brought into focus at one time, 
Other planes can be brought into focus by rota- 
tion of the focusing knob. However, when an 
object is not too thick, good definition can be 
obtained over its entire thickness, 


Set the projector on a suitable table in the 
projection room, The table should be high enough 
to project the image over the heads of the 
audience, Do not use a low table which requires 
excessive extension of the elevating legs as this 
will produce a distorted screen image which will 
be impossible to focus sharply. With the opaque 
projector, the screen illumination obtained is not 
great and it is necessary to use a dark room 
for satisfactory projection. 
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142,122 
Figure 4-16. — Nomenclature for the opaque projector. 
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LANTERN-SLIDE PROJECTOR 


Тһе lantern-slide projector is specifically 
designed for auditorium and theater projection 
of standard 3 1/4 by 4 inch lantern slides, 2 
3/4 by 2 3/4 inch slides, and 2 by 2 inch slides, 
Some models of this type of projector have built 
-in optical pointers. The projector uses a 750- 
watt lamp, is blower cooled and has anextremely 
wide range of objective lenses available, Figure 
4-17 shows the standard lantern-slide projector, 





CAROUSEL SLIDE PROJECTOR 


The Carousel slide projector is a tray fed 
slide projector for use with 2- by 2-inch slides, 
(See fig. 4-18.) The slides are fed to the pro- 
jector from a top-mounted tray designed to ac- 
commodate up to 80 slides, The projector can 
be remotely controlled by the remote control 
cord, 

The slide tray accepts film sizes 126 (28 
by 28 mm), 135 (24 by 36 mm), 828 (28 by 40 
mm) and 127 (1 5/8 by 1 5/8 in.) slides in card- 
board, glass, metal, or plastic 2- by 2-inch 
mounts up to 1/10-inch thick. Slideidentification 
numbers are molded on to the tray. As the tray 
revolves, the number of the slide being shown 





will be opposite the gate index on the projector. | SLIDE TRAY 7. SELECT BUTTON 
The design of the projector, with the slide 2 ELEVATING WHEEL 8. REMOTE CONTROL RECEPTACLE 
tray on top, insures jamproof operation, Even a LENS 9. DISSOLVE CONTROL RECEPTACLE 
though a bent or broken slide may ''hang ир! 4 FOCUS KNOB IO. SELECTOR SWITCH 
in the gate, the slide tray can always be lifted 5 FORWARD BUTTON Il. AUTOMATIC TIMER 
off and the defective slide removed. 6. REVERSE BUTTON 12. ILLUMINATED CONTROL PANEL 
142.340 


Figure 4-18, — Carousel slide projector, 


The projector is provided with an automatic, 
timer which has four settings. In the M (manual 
position, the normal controls are used to man- 
ually control the projector and a slide can be 
viewed for any length of time desired, With the 
timer set at 5, 8, or 15, the slide changing 
mechanism is actuated automatically and the 
slides are shown for the number of seconds 
indicated on the automatic timer, 





The forward and reverse buttons located 
on the side of the projector control the direction 
of movement of the slide (тау. Momentarily de- 
pressing the forward or reverse button changes 

142.123 the slides in either direction, at any desired 
Figure 4-17.— Lantern-slide projector. time-interval. 
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The device can also be completely remote 
controlled. The remote control unit has both 
FOR (forward) and REV (reverse) buttons for 
controlling the slide tray and a focusing lever 
for power-focusing the lens, The fully automatic 
operation can be interrupted at any time by use 
of the forward or reverse button on the remote 
control. Momentarily pushing the focus lever 
forward or backward causes the projection lens 
to move forward or backward respectively to 
adjust focus, 

To skip any desired number of slides in the 
tray, use the following procedures: 


1. Depress firmly and hold the SELECT 
button down (fig. 4-18). 

2. Rotate the slide tray until the number of 
the slide desired is opposite the gate index on 
the projector. 

3. Release the selector button; the selected 
slide will be immediately projected, This permits 
showing any individual slide out of sequence. 


To edit slides before loading them in the 
slide tray or to show single slides use the follow- 
ing steps: 


1. Set the automatic timer toM (See #15. 4-18.) 

2. Insert a slide, correctly oriented, into the 
slide gate. 

3. Push the slide down into the gate as far ав 
it will go. 

4, After viewing the slide, depress the select 
button; the slide will be ejected from the gate. 
Slides of any make or thickness can be shown by 
this method, 


If it is desirous to use a title slide or an 
extra slide for continuous-repeater operation, in- 
sert the slide into the gate before putting the 
slide tray into position. In some instances it 
may be necessary to have the screen dark after 
showing a tray of slides. To accomplish this, 
insert a 2- by 2-inch piece of thin cardboard 
into the gate before putting on the slide tray. 
The slide or piece of cardboard will enter the 
block-off space in the slide tray during pro- 
jection and be returned to the gate when the 
slide tray is removed, 


Another feature of the Carousel projector is 
a choice of HIGH or LOW illumination, In the 
HIGH position, the entire 500-watt illumination 
is selected, In the LOW position, the illumination 
is decreased to 425 watts for longer projector 
lamp life. 


CAMERAS 


Because photocopying devices play an im- 
portant role in the accomplishment of the graphics 
shop's mission, they will be discussed in this 
section, Although, photographic support is usually 
available many Illustrator Draftsmen have had 
an opportunity to use these devices and have 
found a knowledge of the camera's capabilities a 
valuable asset, This section will intorduce you 
to the operation and capabilities of the camera, 

As you see in figure 4-19 copy cameras have 
three planes or surfaces: 


1. The copy plane (copyboard to which the copy 
is attahced). 

2. The lens plane (lensboard or front of the 
camera into which the lens is fitted), 

3. The focal plan (back of the camera which 
consists of a film-holding device and a 
ground (frosted) glass viewing surface. 
The image projected through the lens is 
focused onto this surface. 


These three units are generally mounted оп a 
spring-suspended bed which is attached to the 
floor; however, on large cameras, they may be 
suspended from overhead tracks, Springs, rubber, 
and similar materials are used to absorb shock 
and keep the units from jarring or moving while 
the film is being exposed, 

Handwheels or cranks are usually provided at 
th back of the camera to enable the cameraman 
to move two of these planes forward or backward 
along the tracks when he is focusing (setting the 
camera so that the light rays will come together 
to produce a sharp image of the proper size on 
the ground glass), Generally, the back of the 
camera is stationary and the lensboard and 
copyboard can be moved for focusing. If the 
position of the copyboard is fixed, the lensboard 
and back of the camera are movable, On some 
cameras, it is possible to move all three units, 


LENS PLANE 
(LENSBOARD) 
FOCAL PLANE 


(GROUNO GLASS) COPY PLANE 


(COPYBOARD) 


57.47 
Figure 4-19.— Copy cameras' consists of basically 
three paralled planes, 
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The positions of the copyboard and lensboard 
affect the size as well as the sharpness of the 
image. When the camera is set so that the 
ground glass and the copyboard are both the 
same distance from the lens, it is said to be 
set for a ''same-size'' shot because the image 
on the ground glass is the same size as the 
image on the original copy. If the lensboard 
is moved closer to the back of the camera, the 
image is reduced, and if the lensboard is moved 
farther away, the image is enlarged. 

Most copy cameras are equipped with scales 
that show the cameraman where to set the copy- 
board and lensboard for the amount of enlarge- 
ment or reduction required, If these scales are 
not available, or if he is using a lens that does 
not match the calibrations on the scales, it may 
be necessary for the cameraman to focus the 
camera by watching the image on the ground 
glass as he moves the copyboard and lensboard, 
In this case, he must measure the image with a 
ruler to see that it is the proper size, and he 
must examine it with a magnifying glass to see 
that the fine lines are sharply focused before 
he makes the exposure. This is known as visual 
focusing. 

The exposure is not made through the ground 
glass. Before he madesthe exposure, the camera- 
man moves the ground glass out of the way and 
then places the film holding device into its 
place. 


PHOTOCOPIER OR PHOTOSTAT 


The photostat is a device which will produce 
positive or negative paper prints, with each shot 
a negative image is produced, In other words if 
you have black lines on a white background, the 
photostat copy will be white lines on a black 
background. To produce a positive copy, the 
negative print must then be copied. 

Direct positive printmakers (Itek) are also 
available, These Itek photostat machines eli- 
minate the negative intermediate, In other words, 
the print from the machine will be positive if the 
original is positive, Continuous-tone art such as 
washes or photographs may be copied on this 
printmaker with a halftone screen. Halftones and 
continuous-tone art will be discussed later in 
this manual. 

The scale of reproduction may range from a 
50% reduction to 200% enlargement of the ori- 
ginal. By enlarging or reducing successive prints 
an unlimited scale may be obtained, However, 
the quality of the reproduction will progressively 
worsen in each generation, 


89 


The maximum size of original and print will 
change depending on the model of photostat. 
Usually the maximum original size will be 36 
by 48 inches. However, if the size is larger, 
the original may be copied in sections, The 
maximum size print obtained is 18 by 24 inches, 
but by splicing prints together you may achieve 
an end product of any desirable size. 

As a general rule, photostat paper is either 
coated with a matte or glossy surface, The matte 
finish is better for continuous-tone mediums 
(photographs) because it will retain more tonal 
graduation, A glossy print is best when copying 
line art or halftones, because it gives a copy 
with sharp black and white separation. 

Photostats offer the DM a quick easy way of 
reducing or enlarging drawings. Severaldrawings 
of different scales can be combined easily by 
enlarging or reducing each component to a 
common scale, 

Drawings with the same base information, 
such as maps, may be reproduced in multiple 
copies, then additional information added to each 
copy. This process will eliminate having to draw 
a base or master for each. 


Photostat Continuous Model 4 


The continuous copying apparatus shown in 
figure 4-20 is designed to make copies of printed 
matter. 

This machine combines the advantages of me- 
chanical processing, timing, washing, and drying. 
The control for this machine is designed so that 
it can be operated from the side of the magazine, 
from the side or front of the copyholder, or from 
a somewhat remote position such as from an 
easel at the side. 

Main components of the machine are the stand, 
front frame, back frame, magazine, transmission, 
tank compartment, processing tanks, dryer, motor 
-driven measuring instrument, and electrical 
control unit, 

The stand supports the other components of 
the machine. А subject holder is mounted in а 
horizontal position at the front of the stand where 
illuminating lamps are supported to give proper 
illumination, Also located toward the front of the 
machine is the camera proper, The transmission 
and processing sections are suspended under the 
center portion of the stand. At the back of the 
stand is the print dryer. 

Horizontal and vertical focusing scales are 
mounted on the stand, Both scales contain fig- 
ures in multiples of 10 from 50 percent to 200 
percent, Individual lines on the scale show 1 
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Figure 4-20. — Photostat continuous model 4, 


percent increments, The subject holder is ruled 
into rectangular areas to show the coverage at 
the various scale settings. Determination of 
what area to use for copy placement depends 
upon the scale setting being used. 

The front frame contains the lens, prism, 
shutter, and timer. Bellows are attached for 
connecting the front frame to the back frame, 
A filter unit is supplied for increasing the con- 
trast of poor copy (black on yellow, or black 
on green). The filter causes yellows and greens 
to become blacker, and blues and purples to be- 
come whiter. Focusing devices are mounted to 
give the necessary adjustment. 


The back frame serves as a support for the 
magazine, А paper supply, in roll form, is 
contained within this magazine which also serves 


to hold the paper in position for exposure, Mecha- 
nisms are incorporated for transporting the paper, 
metering, and cutting the exposed print free 
from the roll. A curtain is used to limit the a- 
mount of paper which is exposed when a full 
sheet is not needed, 

A transmission mechanism is used to apply 
power from an electric motor to the conveyor 
mechanism of the developing unit, The chain 
conveyor picks up the print from the paper 
chute into which it drops when it is cut from 
the magazine, An indicator lamp provides a 
visual indication when a print is in the print 
chute so that a second print will not be put 
into the chute, The conveyor carries the ex- 
posed paper through the processing and wash 
tanks and deposits the print on the dryer belt 
where a stripper frees it from the conveyor. 
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Heat in the dryer is thermostatically con- 
trolled to maintain a constant temperature, With- 
in the dryer the print is carried between two 
belts so that the print never actually touches 
the metal surface of the drum. The dryer de- 
posits the print in the tray where it is ready 
for trimming and use, 

Illumination of the subject may be from 
the lamps attached to the unit or from separate 
lamp assemblies, If the mercury vapor lamps 
of the machine are used, the controlling switches 
are in the main panel box at the rear of the 
stand, If standard floor lamps are used, the 
lamps must be controlled from the individual 
switches on the lamps. 

A motor-driven measuring unit, which auto- 
matically winds off and cuts the exposed paper 
after each exposure, and an electrical control 
unit make the machine almost fully automatic. 

The electrical control unit contains (һе 
switches, indicators, and electrical timer for 
controlling the shutter and paper transport me- 
chanisms, It contains three pushbutton switches, 
three toggle switches, three indicator lights, 
and a counter, The electrical timer is separate 
from, but interconnected with, the control. 

On the control unit, the pushbutton marked 
PAPER is depressed when it is desirable to 
wind the paper out of the magazine into the 
paper chute by hand. Normally, the SHUTTER 
pushbutton is not needed, This button is used 
to actuate the shutter only when the electrical 
timer unit is being repaired, The third push- 
button rejuvenates the splice alarm system. 

One of the toggle switches controls the count- 
er alarm, The second toggle switch controls 
the splice alarm, The paper wind motor is 
controlled by the third toggle switch, Each of 
these switches has an ON and an OFF position, 

The indicator above the PAPER pushbutton 
switch indicates when the PAPER switch may 
be depressed or when the PAPERWIND MOTOR 
switch may be set to ОМ, When the light is 
illuminated, paper may be transported, The 
indicator above the SHUTTER pushbutton shows 
when an exposure may be made, An exposure 
should never be made when the indicator lamp 
is illuminated, The splice indicator lamp and 
a buzzer give an visual-audio warning to the 
operator when a splice in the paper roll enters 
the focal plane. 

The electrical timer provides a switch for 
initiating the exposure cycle. A second switch 
on the timer controls the operation of the shut- 
ter. When placed in the TIME position, it allows 
the shutter to remain open for the exposure 
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duration set in on the timer selector pointer. 
If the switch is placed in the FOCUS position, 
the shutter remains open until the switch is 
returned to TIME, 


OPERATION, — Preparation prior to use con- 
sists of the following procedures: 


First, the portholes in the dryer are closed, 
and the dryer motor is turned on, Once the dryer 
is operating, the dryer heater switch is set 
to HIGH. Operating temperature is reached in 
20 minutes, During the warmup period, solution 
tanks can be filled to within 1 inch of the top. 

Developer and fix solutions should be mixed 
at 70? F, The inlet water valve is opened to the 
wash tank, А temperature regulator should be 
used in the wash-water supply so that the water 
is supplied at а temperature between 72? and 
78? Е. 

Paper is loaded into the magazine in the 
following steps: 


1. Open the side door of the magaine. 

2. Remove the spool holder, 

3. Loosen the spool supports. 

4. Place a roll or paper on the trunnions so 
that the leader unwinds toward the front of the 
magazine, 

Set and lock supports. 
Replace spool holder. 
Close and lock side door. 
Swing magazine away from back frame. 
Open front paper compartment door, 
Pull 3 feet of leader over the door. 
Close front paper compartment door. 
12. Release tension or pressure rollers. 
13. Insert end of leader between winding and 
pressure rollers, 
14. Center paper in focal plane. 
15. Apply tension to pressure roller, 
16. Close side guides, 
17. Close top guides, 
18, Wind down part of leader, 
19. Close curtain, 
20. Wind off remainder of leader, 
21. Close and lock magazine, 
22, Set curtain for proper number of inches, 


10. 
11. 


CAUTION: Never open the magazine when it 
contains paper unless the curtainis fully lowered, 

When the paper has been loaded and the pro- 
cessing tanks have been serviced, make sure the 
curtain is properly set and the processing tank 
lids have been replaced, As soon as the dryer 
has reached operating temperature, the machine 
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is ready for making prints, The illuminating 
lamps are turned on, the subject is placed on 
the subject board, and the machine is focused 
with the vertical and horizontal tapes. 

Exact exposure can be determined with the 
aid of an exposure chart, which is supplied with 
the camera, 

When the timer starting button is actuated, 
the shutter opens for the period set into the 
timer. Ав soon as the exposure is completed, 
the motor-driven measuring instrument auto- 
matically winds off the exposed paper and cuts 
it free, Immediately, the paper is picked out of 
the paper chute by the conveyor. As soon as the 
print is picked up, a second exposure may be 
initiated by depressing the timer button. 

If two exposures are to be made on a Single 
sheet, the PAPERWIND MOTOR switch is placed 
in the OFF position, After the first half of the 
sheet has been exposed and the pilot light above 


the PAPER switch lights up, the PAPER switch 


may be depressed. Then the exposed material 
is wound down by hand (three turns of the crank 
advances one-half of a sheet), When the pilot 
light above the SHUTTER switch is not illumi- 
nated, the second exposure can be made, As soon 
as the indicator above the PAPER switch lights 
up, the PAPER switch is again depressed and 
the exposed paper wound out of the magazine 
by hand, The paper can then be cut free for 
processing. 

After the copying session is complete and 
the machine is to be shut down, the heater 
switch is set to the OFF position, The portholes 
in the sides of the drum are opened, The time 
switch should be set for a cooling period of 1 
hour or more after operating the machine, This 
time switch is provided to keep the drive me- 
chanism running for a cooling period after the 
heaters are shut off, At the end of the elapsed 
time, the drive unit shuts off automatically. 


PREVENTIVE MAINTENANCE. — The proper 
method of cleaning the exposed face of the prism 
is to first brush off dust orgrit with a dry, clean, 
camel’s-hair brush, Then, using lens tissue or 
a soft, clean, dry lintless cotton or linen cloth, 
polish it gently and thoroughly. If it is necessary 
to moisten the prism to remove dirt, do so by 
breathing on it. Never use water, alcohol, clean- 
ing fluid, or other liquids. 


Keep the glass cover of the copyboard clean. 
Use a soft, lintless cloth; or when spots are not 
easily removed, dampen with a small amount 
of water and rub dry with a lintless cloth. 
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Remove all the solution tanks at least once 
a month, and scrub out all the deposits of silver 
in them, Clean the developing tank rods with a 
soft cloth sprinkled with scouring powder to 
prevent the excessive formation of silver deposit. 
After cleansing, rinse in hot water to remove 
all traces of the scouring powder. 

The machine should be oiled at all indicated 
points at least once a month or more often, 
depending on the amount of work run through it. 
The bearings of the conveyor motor and the 
dryer motor should periodically have a drop of 
oil placed in the cups provided, 

A periodic inspection of the rubber squeegees 
should be made, lf they are not in good workable 
condition, they should be replaced, 


XEROGRAPHY 


Xerography principles were first put to com- 
mercial use by the Xerox Company; therefore, 
Xerox has become the generic term for xero- 
graphy. 

Xerography isa dry, electrostatic copying pro- 
cess, The difference between dry electrostatic 
copying and wet photography is in the developing 
process, Whereas, wet photography uses а 
negative and print that are developed in fluids, 
the electrostatic process uses a dry-developed, 
specially coated plate and a dry-developed print. 
The xerography process begins with a selenium- 
coated plate which becomes light sensitive when 
it is charged with electricity. Figure 4-21 will 
show how xerography works. 

To charge the plate, you must remove the slide 
shown in figure 4-22a and then slip the plate 
face up into the aperture of а processor, like 
that shown in figure 4-22b, When the charge 
button is pressed, electrical discharge wires 
travel over the plate for about 10 seconds, 
creating an electrical charge in the selenium 
coating. The plate now carries a positive charge 
of electricity and is sensitive to light so the 
slide or shield must be inserted into the frame 
before the plate is removed from the processor 
figure 4-22c, 


Next, the plate is transferred to a camera, 
figure 4-22d the slide is removed, and the plate 
is exposed in the usual manner, During the ex- 
posure, most of the positive charge is neutralized 
in areas where the plate is struck by light re- 
flected from the white areas of the copy. But the 
plate retains its positive charge in areas where 
the original copy is dark and reflects little or 
no light, 
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SURFACE OF SPECIALLY COATED PLATE 1$ BEING ELECTRICALLY 
CHARGED AS IT PASSES UNDER THE WIRES. 


(2) SHOWS COATING OF PLATE CHARGED WITH POSITIVE ELECTRICITY. 


(3) COPY (X) 15 PROJECTED THROUGH LENS IN CAMERA. PLUS MARKS 
SHOW PROJECTED IMAGE WITH POSITIVE CHARGES. POSITIVE 
CHARGES DISAPPEAR IN AREAS EXPOSED TO LIGHT AS SHOWN 


BY WHITE SPACE. 


(2) А NEGATIVELY CHARGED POWDER ADHERES ТО POSITIVELY CHARGED 


IMAGE. 


(5) AFTER POWDER TREATMENT (FIG.4) A SHEET OF PAPER IS PLACED 
OVER PLATE AND RECEIVES POSITIVE CHARGE. 


CHARGE ATTRACTS POWDER FROM PLATE TO PAPER FORMING 


DIRECT POSITIVE IMAGE. 


(Т) PRINT IS HEATED FOR А FEW SECONDS TO FUSE POWDER AND FORM 


PERMANENT PRINT. 


57.173Х 


Figure 4-21. — How xerography works, 


After the exposure, the shield is replaced 
‚апа the plate is transferred to the developing 
tray of the processor, Figure 4-22e, The develop- 
ing tray is a drawer filled with a black, granular 
developing powder. It is pivoted so that it can be 
rotated, as shown in figure 4-22f and is equipped 
with spring clips so that, in effect, the plate 
acts as a top for the tray. 


.. Once the plate is clipped in place, the operator 
turns the tray upside down and rotates the tray 
through approximately 135 degrees, cascading the 
developing powder over the plate. To obtain the 
right speed for cascading, the operator must 
practice. Cascading too slow will cause one 
end to be underdeveloped; cascading too fast 
will eause underdeveloped patches on the copy. 
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Developing powder is available in two types, 
1 and 10. Type 10 will be discussed here be- 
cause it is more commonly used, The developing 
powder is composed of two elements, developer 
and toner, The larger developer granules have 
a positive electrical charge and act as a carrier 
for the smaller toner particles which have a 
negative charge. 

Image-areas of the plate have a greater 
positive charge than that of the carrier. Con- 
sequently, they rob the carrier of the small 
particles of toner as the powder travels over 
the surface of the plate. Since the nonworking 
areas of the plate still carry a weak, positive 
charge, they also pick up some of the small 
particles of the toner. However, the carrier 
is more positive than the blank areas of the 
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SELENIUM 
COATING CHARGE 
FRAME BUTTON 


PLATE 


APERTURE: 


... YOU SIMPLY SLIDE IT INTO THE 
APERTURE AND PUSH THE CHARGE BUTTON. 





INSERT SHIELD IN PLATEHOLDER BEFORE 
REMOVING PLATE FROM APERTURE. 


PLACE PLATE IN THE CAMERA. REMOVE 
SHIELD, EXPOSE, AND RETURN LIGHT SHIELD. 





TRANSFER PLATE TO DEVELOPING TRAY, 
REMOVE SLIDE, PUSH DOWN UNTIL CLIPS LOCK. 


SPIN TRAY TO CASCADE DEVELOPING 
POWDER OVER PLATE SURFACE. 








- 


SLIDE BOTH PLATE AND PAPER INTO APERTURE 
WHILE HOLDING THE TRANSFER BUTTON ON +. 









REMOVE PLATE FROM DEVELOPING TRAY, 
POSITION PAPER PLATE OVER IT. 









REMOVE PAPER. DUST OFF UNWANTED SLIDE PAPER PLATE INTO FUSER. USE 
POWDER IN NONPRINTING AREA. MODERATE HEAT TO FUSE IMAGE, 





57.188 
Figure 4-22. — Тһе xerox platemaking process, 
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plate, and it picks up most of the toner from 
these areas as it passes over them in successive 
times, 

After developing, the plate may be removed 
from the tray and exposed to light. Some toner 
may remain the nonprinting areas; however, 
this can be brushed away with a piece of cotton 
before the image is transferred to the paper. 
The operator then positions the paper face 
down against the image оп the Xerox plate, 
(See figure 4-22g.) He then operates a transfer 
lever and holds it while he slides the plate 
into the aperture, (See figure 4-22h.) Holding 
the transfer lever on (+), he then slowly re- 
moves the plate from the aperture, 

The transfer lever turns on the current in 
the discharge wires, but this time the wires 
remain stationary at the front of the machine. 
When the plates pass under the wires, static 
electricity causes the paper to hug the metal 
plate and the powder transfers from the metal 
plate to the paper. 

The operator then removes the paper and 
examines the image. He may then erase away 
any unwanted powder in the nonprinting areas, 
or image, with a kneaded eraser, 

After this, he slides the paper (face up) into 
a heating unit called a fuser (fig. 4-22i), and 
allows it to stand about 8-15 seconds (depending 
on the temperature and type of paper or ma- 
terial used). Materials, such as lithorgraphic 
plates, tracing paper, acetate, etc., may be 
used in place of the paper as described, Also 
a vapor fuser may be used to make the image 
permanent, The vapor method should be used 
when heat will damage the base material, such 
as plastics. The operator places the material 
(face up) into the vapor type of fuser fora 
minimum of from 3 to 5 seconds, 

CAUTION: The flow set fluid that supplys 
the vapor contains trichloroethylene which is 
dangerous to inhale, 

The plate must be cleaned immediately after 
use, To do this, first place the plate in the 
processor, and twist the transfer lever to the 
left. Then, holding the lever in position, with- 
draw the plate, With a piece of cotton, remove 
all traces of the old image. After the plate 
is clean, it is placed in a rack and allowed to 
stand awhile before it is used again, It is re- 
commended that at least six plates be used 
when the equipment is in constant use. 

If a second copy of the paper is required, 
the operator charges another plate and rephoto- 
graphs the original copy, repeating the pro- 
cedure just described. Multiple copies (up to 
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8) may also be made from one plate image by 
modifying the transfer step in the following 
manner: 


1. Turning the transfer lever to (+) and 
inserting the plate. 

Turning the lever to (-) and removing 
the plate. 

Taking off the first copy and fusing it. 
Placing a second sheet of paper and re- 


peating the transfer steps. 


The xerography process will reproduce clip- 
pings of coarse-screened halftones as well as 
line copy. However, heavy, solid areas do not 
reproduce well. A separate developing tray called 
a tone tray is used when halftones or variable 
line subjects are reproduced. 


Operating the No. 4 Xerox 


The Xerox No. 4 shown in figure 4-23 isa 
copy camera which will produce enlargements 
up to 150 percent and reductions of 50 percent, 
on a 8 1/2-by 13-inch plate. The copyboard 
accepts originals up to 17 by 22 inches, 


To operate this device the following pro- 
cedure is used: 





142,342 
Figure 4-23, — Xerox camera no, 4. 
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1. Place the original іп the center of the сору- 
board. 

2. Adjust the percentage scales to the desired 
enlargement or reduction figures, 


NOTE: Direct focus may be made on the focal 
plane by inserting a ground glass lens into the 
camera back, Turn the timer switch to the con- 
stant output position and measure the image 
directly on the ground glass. Then turn the 
timer switch off and remove the ground glass. 


3, Charge the plate and insert it into the 
camera, 

4. Hold the plate in place and remove the 
shield. 

5. Set the exposure on the electrical timer 
and adjust the lens setting. 


NOTE: To achieve the correct timing, see the 
exposure chart supplied with the camera. 


6. Expose the plate by pressing the timer 
switch. 

7. Replace the shield and remove the plate 
from the camera, 

8, Develop the plate and transfer the image 
to the paper. 


Maintenance of the Xerox Plate, 
Trays, and No. 4 Camera 


The Xerox plate must be handled carefully 
because in addition to being delicate the plates 
are expensive. Finger marks, scratches, heat, 
sunlight, and pressure from foreign objects will 
damage the selenium coating. Be especially 
careful when inserting or removing the plate to 
ensure that it is square and moves straight in 
and straight out, 


Wash the surface of the plate with Xerox 
cleaner absorbent or cotton that has been saturated 
with film remover. Wipe the plate dry with а clean 
piece of absorbent or cotton. Don't let the plate 
dry by itself, it may become stickly. CAUTION: 
Handle film remover with care, it is flammable, 
When retoning or replacing the developer in the 
standard or tone trays, remove them from the 
processor, To replace the developer, empty 
the trays and wipe them with cleaning absorbent 
or cotton, Add fresh developer first, then place 
the toner over the developer. (Do not allow the 
toner to touch any metal surface of the trays.) 
Finally, mix the two together by moving thetrays 
from side to side, 


To clean the glass cover of the copyboard and 
the lens of the camera, follow the instructions 
given earlier in the chapter for cleaning these 
parts of the photostat. 


PHOTO MODIFIER 


The Photo Modifier shown in figure 4-24 isa 
device employing the principles of the copy 
camera, It is capable of enlargements of 200 
percent and reductions of 50 percent, Although 
designed to produce translucent or transparent 
masters for projectuals, it may also be used as 
light table, When used as a camera, a light sen- 
sitive intermediate negative paper is exposed, 
In turn, the negative image is transferred to a 
positive film or paper through a constant printer 
(fluid-developing device). 

The Photo Modifier's copyboard measures 
19 by 19 inches and will accept originals ofa 
slightly smaller size, An 8-by 10-inch removable 
section on the copyboard is designed so that a 
plate glass may be inserted. The insert allows 





142,348 
Figure 4-24, — Photo-modifier. 
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copies to be made from originals such as pro- 
jectuals which have an opaque image and atrans- 
parent background, 

The lens plane consists of an adjustable color 
corrected lens, Timing, however, is not regulated 
on the lens plane; the operator controls it manually 
by turning on and off the copyboard lights. 

The focal plane or viewing surface is made of a 
13-by 15-inch plate glass, and a pressure backing 
board which is hinged to the top of the viewing 
plane. 

To operate the Photo Modifier, the following 
procedure is used: 


1, Place the original onthe copyboard and turn 
the lights оп, 

Focus the image on the viewing plane. 
(Control knobs for the copyboard and lens 
board are located on the right and left 
sides.) 

set the lens and turn off the lights. 

Place the negative ''emulsion side down'' 
on the viewing plane. 

Lower the pressure backing board into 
place. 

Turn the lights on to expose the negative. 
(Time is controlled manually.) 

Remove the negative and process it, 


2, 


The negative paper is light sensitive and must 
be protected so that no light reaches the emulsion 
before the paper is exposed in the camera, 
Therefore, the negative must be handled in 
darkroom conditions, If a darkroom is not a- 
vailable, place a hood over the focal plane and 
protect the negative with a rubylith shield (an 
acetate sheet having a red-colored coating) be- 
fore and after the time exposure. 

When the negative is exposed to light, the 
emulsion will harden where the light reflected 
from the white areas of the copy strikes it. 
The emulsion will not be affected in areas where 
the original copy is dark and reflects little or 
no light. 

To develop and transfer the exposed negative, 
a fluid-developing device known as the Constat 
printer is used, See figure 4-25, Constatprinters 
are available in two widths: 9 and 15 inches, 
This printer transfers the nonexposed image 
from the negative to the paper or film. The 
developing agent used in the printer is avail- 
able in either a premixed concentrated liquid 
or a powdered form: each requires mixing 
with water. Paper and film materials are avail- 
able in sizes ranging from 8 by 10 inches to 14 
by 17 inches. 
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57.96 
Figure 4-25, — Constat printer, 


To operate the developer, feed the exposed 
negative and positive material simultaneously 
into the unit. Two rollers which are either hand 
or mechanically operated with then carry both 
negative and positive through the developer. 
The developing agent chemically transfers the 
negative's nonexposed image to the positive 
material. 


Allow the negative and positive to remain in 
contact for approximately 30 seconds after they 
are removed from the developer. Separate the 
negative from the copy, then wash the copy in 
tap water an hang up to dry. (Note: The wet 
image may be removed by scraping it with your 
fingers.) After drying, the copy is ready for use, 
Foils may be projected, or used as an inter- 
mediate for the Diazo process, 


Although the Constat printer and negative paper 
are for use with the Photo Modifier, they may 
also be used with other copy cameras, such as 
the No. 4 Xerox, Also a one-to-one or same- 
scale copy may be made using a Diazo-type 
machine, 
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57.46Х 


Figure 4-26. — Types of process cameras, 
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PROCESS CAMERA 


The process camera is similar in principle to 
the No, 4 Xeroxcamera, soit will not be discussed 
in detail in this section, Though the process 
camera is operated and maintained by either a 
photographer or lithographer, the Illustrator 
Draftsman should have a knowledge of what can 
be copied and what type of reproductions can be 
made, The copy size will be determined by the 
size of film-holding device (focal plane); maxi- 
mum film sizes range from 16 by 20 to 48 by 
72 inches. Two categories of process cameras, 
the gallery and the darkroom, are showninfigure 
4-26, 

Originals such as line drawings, photographs, 
washes, and other continuous-tone materials 













ahh 
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may be copied on the process camera, resulting 
in film negatives or positives, Film negatives in 
line or halftone are then used to make offset print- 
ing plates, Continuous-tone negatives are used for 
photographic printing, Photopositives may be used 
as transparencies, lantern slides, and 35-m;in 
slides, They may also be used as masters for 
other reproduction processes, such as the Diazo 
process, 


POLAROID MP-3 


The Polaroid MP-3 camera 1$ a copying device 
designed to make copies of original drawings, 
photos, transparencies, and three-dimensional 
objects. 
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Figure 4-27, — Polaroid mp-3, 
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Copies that сап be made оп Polaroid-type films 
include slides (35mm and lantern) in black and 
white and photographs (3 1/4 by 4 1/4 and 4 by 
5 inches) in black and white or color. Photo- 
graphs may be line, continuous tone, or half- 
tone. Slides and halftones will be discussed 
later in this manual, 

Wet-process films іп 4-by 5-іпсһ, 35-mm, 
and 70-mm formats may be exposed on the camera 
using special adapters, 

The MP-3 is shown in figure 4-27, The camera 
is mounted to a baseboard (copyboard) on an 
aluminum column and is adjustable for framing 
and focusing. Baseboards are available in 19-by 
24-inch or 24-by 28-inch sizes and will accom- 
modate originals of slightly smaller sizes, such 
as 16 by 20 inches or 20 by 24 inches, Illumination 
of the baseboard is achieved with four reflector 
floodlamps. 

Originals too large for the copyboard may be 
mounted ar attached to a wall. The camera is 
mounted to the column on a rotating head, en- 
abling it to be turned 90 degrees to a horizontal 
position and to be focused on the original. 

The focal plane consists of a sliding carriage 
to which the film holder and a ground glass 
are attached. Three types of film holders (roll, 
pack, and the 4-by 5-іпсһ size) are designed for 
the camera. Rolls are used for slides; packs 
for 3 1/4-by 4 1/4-inch photographs; and 4-by 
o-inch sizes for same size photographs. 

The operator may frame and focus the picture 
exactly as he wants it to appear on a ground 
glass which is marked for film formats such as 
35mm, lantern, 3 1/4 by 4 1/4 inches, and 4 by 
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5 inches. Film packs and rolls are mounted 
to the slide carriage and are moved into the 
focal plane after focusing. The 4-by 5-inch film 
pack slides under the ground glass after the 
operator has completed framing and focusing. 


Actual size, reduced image, and other specialty 
lenses are available, depending upon the size 
ог type of picture wanted, Exposure settings may 
be made with the aid of an exposure guide sup- 
plied with the camera. 


Operating and Maintaining the MP-3 


The operator performs the following eight 
main steps when using the MP-3: 


. Place the original on the baseboard. 

. Select the film holder and mount it on the 

carriage. 

3. Select and mount the lens, 

4. View the original through the ground glass 
frame and focus. 

9. Set the exposure settings. 

6. Slide the carriage to the forward position, 
place the film in the focal plane, or Ма 
4-by 5-inch film holder is used place it 
under the ground glass. 

7. Expose the film, 

8, Process the picture, 


№ me 


Maintenance of the MP-3 will be similar to 
maintenance of other cameras already discussed, 
When not in use, the camera should be covered 
to protect it from dust, 





CHAPTER 5 
LETTERING 


Lettering is not a new development. It was 
highly developed as an art before the invention 
of the printing press. The first type faces were 
simply copies of the best lettering of the day. 
The printing in the first printed books were 
illusions, designedto give books the appearance 
that they were hand-printed, As printing took 
the place of lettering, people lost the knowledge 
and understanding needed to make good letter 
forms. First-hand knowledge of letter forms and 
an understanding of the relationship between these 
forms and the tools that shape them come from 
study of the finest models of letter forms and a 
grasp of the history of their development. 

The art of printing with ''type'' is known as 
"typography'' and involves the style, arrange- 
ment, and appearance of the printed page. On the 
other hand, characters constructed or drawn by 
the DM, either by freehand or mechanical methods, 
are known as ''lettering'', Typography and letter- 
ing use the same fundamentals of design; therefore, 
what you learn about one will be of equal value 
in dealing with the other. In this chapter both 
categories are discussed, since the DM is involved 
with one or both in almost every task he does, 


CLASSIFICATION 


Did you ever stop to think how many different 
kinds of handwriting you come across in a single 
day? Some are large and bold, some are weak, 
Some small clear, and some are almost illegible. 
Alphabet styles are much the same, 

Like handwriting, alphabet styles also reflect 
certain characteristics, such as refinement, dig- 
nity, boldness and strength. Properly used, styles 
Can convey the feeling or mode of a message. 
They may be warm, brisk, dignified, modern, 


or old-fashioned— whatever is needed to empha- 


Size or suggest the thoughts expressed іп the copy. 

А short word for type styles is "ҒАСЕ", 
The word is alsoused to denote the raised printing 
Surface of printers type. To choose a face, you 


must be able to recognize the different styles and 
to know something of their generalusage. Learning 
to recognize the thousands of styles is like learn- 
ing to recognize ships and aircraft — each has its 
own distinct characteristics. 

A distinction is to be made between capital 
letters and smallletters. Capitals are usually 
called caps or uppercase, and the small letters 
are always called lowercase, This designation 
dates back to the days when all composition 
for newspaper and books was done by hand, 
Since a great deal of type was required, it was 
divided between two cases which were placed on 
a stand. The top or upper case contained all the 
capital letters and the bottom case contained the 
small letters. 

Figure 5-1 depicts the characteristics of six 
groups of type: roman, gothic, script, text, italic, 
and contemporary. All authorities do not agree 
on this grouping, but for practical purposes, this 
manual will discuss them under these main 
categories, Each grouping is further subdivided 
into series, families, sizes and weights. 


ROMAN 


Our capital letters come to us from the 
ancient Romans who developed and perfected 
them, The acient artists carved their letters 
in stone, As a guide, they first painted the letters 
on With a flat brush, which was always held at 
the same angle. When the brush was moved 
horizontally, it made a thin stroke; when moved 
vertically, it made a thick stroke, 

As a result, roman letters are com»osed of 
thick and thin lines with small cross-strokes at 
the end of the main lines called serifs, The 
purpose of these serifs is to lend unity to the 
words and to blend them together for easy read- 
ing. 

Roman types are divided into two classi- 
fications: oldstyle and modern The chief dif- 
ference between oldstyle and modern roman is 
found in the serifs, Comparethetwo letters shown 
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С 


ROMAN | «GOTHIC SCRIPT 
—— — + — — — -Һ------- 
| | 
е | | 
| | 
| | 
| ITALIC | СОМТЕМРОКАКУ 
45.207(57)С 
Figure 5-1. — Comparisons of thesix mainclasses 


of type. 


in figure 5-2, You will notice that the oldstyle 
letter has soft, rounded serifs, while the modern 
letter has heavier shadings and thin, clean-cut 
һаігііпев. Bodoni is typical of modern roman 
and Caslon is a good example of the oldstyle 
faces, (See fig, 5-3.) 

Roman is the type most commonly used for 
the text of magazines, newspapers, and books, 
It is chosen because everyone is familiar with 
it and because it is the easiest to read in the 
smaller sizes and in lengthy articles, Also it 
may be used to suggest dignity, refinement, or 
stateliness for display work. 


GOTHIC 


Study the difference between the roman letter 
and the gothic letter shown in figure 5-1, You 
will notice that where the roman letter is com- 
posed of .a series of thick and thin lines, the 
gothic letter is constructed of lines of even 
weight. It has no serifs; it is perfectly plain. 
It might be called a block letter. Figure 5-4 
shows some of the gothic types, The sans serif 
(without serifs) included in the illustration is 
an up-to-date style of gothic. However, because 
of its modern design, it is generally grouped, 
not with the gothics, but with the contemporary 
type faces, 

As you will see in figure 5-4, there are 
several kinds of gothic type faces. Each has 
its place, Copperplate gothic, for example, is 





Е 


Oldstyle 


EK 
| Модет 


45.207 (57)D 
Figure 5-2, — Comparison of oldstyle and modern 
roman letters. 


generally used for letterheads, envelopes, cards, 
announcements and many kinds of officer forms. 

News gothic is another serviceable face. It 
may be used as a body type, and it is equally 
serviceable for titles and headings. Franklin 
gothic, alternate gothic, and poster gothic are 
used chiefly for display work. They are very 
popular for posters and headings. 


SCRIPT 


Script and cursive type (a style of printed 
letter imitating handwriting) faces are generally 


BINNEY Old Style 

BODONI Bold 

BODONI Book 

BODONI Bodoni 
CASLON, True-Cut 
CASLON Old Style 
CASLON Bold 

CASLON Old Style 

CASLON No. 113, Condensed 
CASLON Bold Condensed 


CASLON  Caslon 
CENTURY Expanded 
CENTURY Expanded Bold 


CENTURY Schoolbook 
CENTURY Schoolbook 
CHELTENHAM Cheltenham 
CHELTENHAM Bold Extra Condensed 
CHELTENHAM Bold 
CHELTENHAM Old Style 
CHELTENHAM Wide 


CLOISTER Bold Condensed 
CLOISTER Oldstyle 
CLOISTER Bold 


45.207 (57)E 
Figure 5-3, — A few of the roman type faces. 
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CONDENSED TITLE GOTHIC NO. 11 
BANK GOTHIC CONDENSED BOLD 
FRANKLIN Gothic Extra Condensed 


POSTER GOTHIC 
FRANKLIN Gothic Condensed 


RAILROAD GOTHIC 

BANK GOTHIC CONDENSED MEDIUM 
NEWS Gothic 

GOTHIC NO. 520 TO 526 

LINING Gothic No. 545 


ALTERNATE Gothic No. 1 
ALTERNATE Gothic No. 2 
ALTERNATE Gothic No. 3 
NEWS Gothic Extra Condensed 
SANS Serif Bold 


COPPERPLATE GOTHIC BOLD NO. 132 


GOTHIC No. 544 


NEWS Gothic Condensed 
GOTHIC No.3 Gothic No. 3 
COPPERPLATE GOTHIC NO. 342, HEAVY 
LINING PLATE GOTHIC, HEAVY 


Figure 5-4,—A few gothic type faces, Many of 
these faces are also supplied initalics, Alter- 
nate and copperplate gothics have wide use in 
standard Navy forms, 45.207(57F 


grouped together. Scripts have little connecting 
links or kerns that combine the letters and give 
them the appearance of handwriting; cursive 
letters do not have these kerns. Actually the 
scripts are an imitation of the old Spencerian 
handwriting (slanting handwriting), and the cur- 
sives are patterned after oldfashioned hand letter- 
ing. 

Script faces are extremely suitable for an- 
nouncements and invitations, They may also be 
used to impart an air of elegance and charm to 
display work. 

Figure 5-5 shows a few of the script type 
faces, You will notice that some of the faces 
shown are contemporary styles used in modern 
display work. 


TEXT 


Samples of text type faces are shown in fig- 
ure 5-6 You may know this type simply as ''Old 
English," Text was among the first type styles 
used. Although it is still used frequently, it is 
generally limited to a few lines of copy. You 


Bernhard (б Bold 
Аена Caravia 


Kaufmann Bold 
Kaufmann Script 

Јура Upright Bold 
Фе %ш 

Signat Medium 
Siguat Black 

Gillies Gothic Light 
Gillies Gothic Bold 
Commercial ом, 
Bank ОРД 
Лайон Script 


Bulletin 
Ariston Bold 
Gloria 

rash 


(ауа 
45.207 (57)H 


Figure 5-5, — Script type faces, 


should save it for something religious or formal, 
such as prayer books, programs, and invitations, 

Words consisting of all capital letters are 
almost illegible in both text and script. For this 
reason avoid using all capital letters in words 
as shown in the last line of figure 5-6. 


ITALICS 


Italics are slanting letters like those shown 
in figure 5-7, They are made to match almost 
every roman, gothic, and contemporary type 
style in use today. They are used in text matter 
to show emphasis and in display work to create 
contrast and to add interest to the job. Additionally 
they are used to identify water features on maps, 
Although italics were originally used for text 
they were rather hard to read in lengthy articles, 
and so they have been used less and less for 
this purpose. 

Swash letters are similar to italics, but they 
are embellished by additional swirls and curves, 
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Engravers Ol) English Bald 
Engravers Old English Open 
Engravers Old English 

Engravers Text 


Bedding Text Shaded 
Bedding Text 
Inland Copperplate 


Tudor Black Ио, 2 
Tupo ех} 

Cloister Black 
Modern ext 

Shaw Text 


American Text 


WEBBING TAKT * 


*Words set in text caps are almost illegible. 


45.207 (57) J 
Figure 5-6, — Text type faces. 


known as swashes. You can sometimes use them 
with italics to dress up a page which otherwise 
might be bare and unattractive. (See fig. 5-8.) 


CONTEMPORARY FACES 


The old gothics have had their faces lifted, and 
everywhere new streamlined faces have appeared, 

BENEDICTINE Book Italic 

FUTURA Bold Condensed Oblique 

FUTURA Medium Oblique 

STYMIE Black Italic 

SPARTAN Medium Italic 

GARAMOND Bold Italic 

GOUDY Handtooled Italic 

COPPERPLATE GOTHIC ITALIC 

BOOKMAN Old Style Italic 

CHELTENHAM Bold Italic 


45.207 (57)K 
Figure 5-7. — Italics are made to match many of 


the type faces in use today. 





уре No. 16. cA soft answer quieteth anguish. 


45.207 (57)M 
Figure 5-8, — Swash letters. 


Naturally many of these modern faces are fads. 
Their style and usefulness will be short lived, Out 
of it all, however, have come a few serviceable 
type faces that will take their place alongside 
the old standby's we've been discussing. 

Leading the contemporary field are two dis- 
tinctly new styles: the square serif and the sans 
serif. 

Sans serif, as you have already seen is actually 
a kind of gothic type. Ithasthe same even strokes 
as the gothic, and it has no serifs, But unlike 
its gothic ancestors, it has such perfect geo- 
metric proportions that is is generally classified 
with the contemporary type faces. 


SANS Serif Extra Bold 
SANS Serif Extra Bold Condensed 


SANS Serif Medium Condensed 


SANS Serif Light 


SANS Serif Medium 

20th CENTURY Ultrabold 
20th CENTURY Extra Bold 
20th CENTURY Ultrabold Condensed 
20th CENTURY Extra Bold Condensed 
20th CENTURY Medium Condensed 
20th CENTURY Bold 

20th CENTURY Medium 

FUTURA Bold Oblique 
FUTURA Шеріпу 

FUTURA Bold 

FUTURA Demibold 

FUTURA Bold Condensed 

FUTURA Medium 

FUTURA Medium Condensed 

KABEL Light 

KABEL Medium 


KABEL Bold 


45,207 (57)N 
Figure 5-9. — Sans serif type faces. 
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Study the Futura type faces shown in figure 
for a moment, Notice that the letters seem 
pe constructed from squares, rectangles, and 
er geometric forms. This type face is the 
t word in simplicity, yet it is one of the 
st serviceable of all the type faces the DM 
‚ at his disposal. It can be used almost any- 
еге. 


Square serif is little тоге than sans serif 
th serifs added, It has the same even strokes 
а the same perfect geometric proportions. 
uare serif type originated in Europe shortly 
ter the sans serif faces made their appearance, 
became popular in the United States in the 
irly thirties, Some people think it is an off- 
ring of the old Egyptian alphabet, Others 
elieve it was inspired by typewriter type which 
ав widely employed by advertisers of that 
егісі, As you can see in figure 5-10, Stymie 
5 a typical example of this type. 


Contemporary display faces isaclassification 
vhich includes hundreds of modern type faces 
ised in display work today. There are so many 
X them, that it would be difficult to try to list 
them all. There are a number of scripts and 
italics, for example, which сап be identified 
by their streamlined appearance. The Kaufman 
Shown in figure 5-5 is one of these modern 
Scripts, Others include Brush and Gilles gothic. 

There are also a number of tall, condensed 
types, such as Onyx and Valiant. The there are 
wide, bold faces, such as Venus Extrabold Ex- 
tended, And in between, there are medium faces, 
Such as Lydian and Studio. These types are used 
chiefly for display composition, (See fig. 5-11.) 















SIYMIE Light 
STYMIE Extra Bold 

STYMIE Bold 

STYMIE Medium 

STYMIE Extra Bold Condensed 
BAVER BATON OPEN 
BAUER Beton Bold 

GIRDER Heavy 


KARNAK Medium 


45.207 (57)P 
Figure 5-10. — Square serif type faces, 


Lydian Cursive 


BALLOON BOLD 
OFFENBACH MEDIUM 
VALIANT Valiant 


ONYX Onyx 


CARTOON BOLD 
PLAYBILL 


LYDIAN Bold 
FLASH Bold 


Dom Casual 
Trend 
Studio 


Venus X-B Extend. 





45.207 (57)Q 
Figure 5-11.— Contemporary display faces. They 
give an up-to-date touch to your work, 


SERIES AND FAMILIES 


You will notice that the faces shown in the 
illustration 5-12 are exactly alike in design; 
they vary only in size. Different sizes of the 
same type face are known as a type series. 

Type faces which are similar, though not 
exactly alike in design, are generally grouped 
in another classification called families, Each 
family has a name and certain basic family 
resemblances, Some families include dozens 
of type faces all different in some way, yet all 
having general characteristics that unmistakably 
identify them as members of their particular 
family. 

Take the Bodoni type shown in figure 5-13, 
for example. АП Bodoni type is made up ofa 
combination of thick and thin lines; yet all 
Bodoni is not alike. The thickness of the heavy 
lines varies. There is a light face called Bodoni 
Book the regular face, called simply Bodoni; 
a heavier face, called Bodoni Bold; and a very 
fat face, called Ultra-Bodoni. There are also 
condensed faces of corresponding thickness of 
line, but of narrow width. Then there are ex- 
panded faces, again of corresponding thickness, 
but stretched to extra width. Some families have 
literally Scores of different faces, 
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6 POINT BODONI 
ABCDEFGHIUKLMNOPQRSTUVWXYZabcdefghijklmnopqretuv 


8 POINT BODONI 
ABCDEFGHIJKLMNOPQRSTabcdefghijkimnop 


10 POINT BODONI 


ABCDEFGHIJKLMNOPQabcdefghijklm 


12 POINT BODONI 


ABCDEFGHIJKLM NOabcedefghijkl 


14 POINT BODONI 


ABCDEFGHIJKLMZabcdefghijk 


ABCDEFGHIJKabcdefghi 


ABCDEFGHabcdef 


30 POINT BODONI 


ABCDEF labcde 


36 POINT BODONI 


АВСО Марса 


45.207(57) А 
Figure 5-12. — Type is classified according toits 
size and style of letter. To show you the dif- 
ference, here are some lines set in different sizes. 


TYPE SIZE 


Type is further classified according to size, 
Two units of measure, called ''points'' and 
"picas", are used to specify type height and 
line length. 

Points are the unit of measure employed 
when specifying the height of a character. A 
point equals approximately one seventy-second 
of an inch; therefore, 72 points equal approxi- 
mately one inch, Twenty-four point type, for 
example, would be approximately one-third of an 
inch high. When measuring the height of a char- 
acter, measure from the top of a capital to the 
bottom of a lower case descender (part of the 
lower case letter that extends below the body 
of the letter), You may discover that the letter 
measures something less than its specified point 
size. This is because type is cast on a block 
of metal, and the shoulder of this block pro- 
ject beyond the letter. Because the point size 
applies to the block of metal, not to the letter 
itself, it is possible that a measurement of 
a letter in picas will be somewhat less than 
the type point size would indicate, 

Picas are the unit of measure employed 
when specifying the length of a line of type. 


There are 12 points to a pica and 6 picas to 
an inch. Thus, a pica is approximately one- 
sixth of an inch. A printer's rule, marked off 
in picas and half picas, is used when preparing 
layouts or art copy for the printer, (See fig. 
5-14.) 


TYPE WEIGHT 
Letters vary in weight as well as in size. 


letters are made with thin 
LIGHT strokes. 


letters are in between the 
MEDIUM jight and bold, 


letters are made with wide 
BOLD strokes, 
Letters that are narrow for their height are 
CONDENSED letters. 
Letters that are wide for their height are 
EXTENDED letters. 

When the working area is wide and there 
is little to say, the useof EXTENDED 
letters is useful, especially if a few of the 
words are to be given prominent display. 

When a lot is to be said in a limited space, 
the use of CONDENSED letters is use- 
ful, 


CONSTRUCTION OF FREE 
HAND LETTERING 


Lettering has often been called AN ART 
IN ITSELF. As an art, hand lettering requires 
many hours of study and practice. It is ex- 
tremely important for you to perfect your hand 
lettering if you are to become a qualified Il- 
lustrator Draftsman. You must know what makes 
one alphabet easier to read than another, what 
gives one alphabet more beauty and character 
than another, and you must be able to visualize 
appropriate letter forms in your mind, 

Ап understanding of the letters and the ability 
to visualize them can be accomplished by the 
practice of drawing them until the muscles of 
your hand are accustomed to the pattern of the 
strokes which mades up the letters. You should 
be able to draw good letters without consciously 
thinking of this pattern. So, in order to letter 
well and use lettering effectively in your work, 
good taste in selecting the proper alphabet for 
the job, an ability to visualize, and highly trained 
hand muscles are needed, 
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ABCDEFGHIJKLabcdefghijklm 
ABCDEFGHIJK Labcdefghijklm 
ABCDEFGHIJKabcdefghijkl 


18 POINT ВОООМІ ITALIC 


ABCDEFGHIJKabcdefghijkl 


ABCDEFGHIJIabcdefghijkl 


18 POINT BODON! BOLD ITALIC 


ABCDEFGHIJIabcdefghijkl 


ABCDEFGHabedeigh 


18 POINT ULTRA-BOOONI ITALIC 


ABCDEFGlabedefgh 


ABCDEFGHIJKLMabcdefghijkimn 


18 POINT ULTRA-BODONI EXTRA CONDENSED 


ABCDEFGHIJKLIabedeíghijk] 


18 POINT BODON! OPEN 


ABCDEFGHIJKabcdefghijkl 








45,207 (57) B 
Figure 5-13, — Some type faces from the  Bodoni 
family. 


INCHES 





© 
өле 


S - 
ігі -- - ex 
ER aD шш d тиз киш an вино шш oe ТТІ? 


POINT ond PICAS 


As an Illustrator Draftsman, you will be re- 
quired to do lettering for official publications, 
posters, flip charts, and display lettering as 
well as doing the lettering on technical drawings. 

The illustrative lettering can be accomplished 
freely, limited only by the dictates of good 
taste and suitability of the particular lettering 
style, Within these limitations, you are free to 
use originality and imagination; whereas, on 
the technical drawings, you are required to 
follow definite lettering specifications, 

When you are lettering, regardless of type 
or purpose, the one rule you must always follow 
is to made your letters legible, Letters that are 
legible make it easier for the reader to under- 
stand the message before him, 

Factors having the greatest bearing on legi- 
bility are: 

1. Style of letter 

2. Size of the letter 

3, Space between letters 

4, Space between words 

5. Space or leading between lines 

The style of letters that you use is important, 
Open, clean-cut letters are best; the simpler 
they are the easier they will be to read, On 
technical drawings the type of lettering used is 
"single stroke gothic''. On most other work the 
selection of style is generally left to the dis- 
cretion of the ОМ, 

Lettering size also affects legibility. If you 
have ever tried to read the small print ona 
contract, you know that size is important from 
the standpoint of ease of reading. Letter, word 
and line spacing are important for the legibility 
of the composition as a whole, The spacing 
practices are discussed later in this section. 


GUIDELINES 


Figure 5-15 illustrates the use of light pencil 
lines called "guidelines", Guidelines provide the 
DM with a system to ensure that a degree of 
consistency will exist between the various char- 
acters. If your lettering consists of capitals 
draw only the cap and base lines, If lowercase 





оо ы 


= co id 
с > а 
— _ 


за аз 


с> со 


57.18(142) 


Figure 5-14. — Printer's rule, 
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Navy Training 


atp CAP LINE 
"f" WAIST LINE 






ңе” BASE LINE 
"m DROP LINE 


45.211 


Figure 5-15, — Guidelines. 


letters are included as well, draw the waist 
and drop lines. 

The waist line indicates the upper limit 
of the lowercase letters, The ascender is the 
part of the lowercase letter that extends above 
the body of the letter i.e., the ''dot'' over the 
character "ТІ" in figure 5-15. All ascenders 
are as high as the caps. However, in some 
faces the letter ''t" falls short of the cap 
line. 

The drop line indicates the lower limit of 
the lowercase letters, The descender i.e., the 
tail of the character "р" in figure 5-15 is 
the part of the lowercase letter that extends 
below the body of the letter, about the same 
distance as the ascender rises above the letter, 
the vertical distance from the drop line to the 
base line is the same as the vertical distance 
from the waist line to the cap line, It is about 
one-third of the vertical distance between the 
base line and the cap line, or about one-half 
of the vertical distance between the base line 
and the waist line, 

Figure 5-16 shows an easy way of laying 
out guidelines for caps and lowercase, Let the 
height of a capital be 1 1/2 times the distance 
"а" Set compass or dividers to distance "а", 
and lay off distance "а!" above and below the 
midline selected for the guidelines. This method 
locates the cap line and the drop line, Then set 
compass or dividers to one-half of "а", and 
lay off this distance above and below the mid- 
line, This method locates the waist line and 
the base line. 

To help you keep your lettering vertical, it 
is a good idea to construct vertical guidelines, 
spaced at random along the horizontal guidelines. 
For inclined lettering lay off lines inclined at 
the angle you wish your lettering to be slanted, 
(See fig. 5-17a.) Inclined lines are known as 
"direction" lines and normally are slanted at 
maximum angle of 68°. 

If you have many lines of lettering to do 
you will find that a lettering instrument such 
as the Ames lettering instrument shown in 


figure 5-17b is quite useful and timesaving. 
The top-left section of the figure shows 
how to use this instrument in conjunction with 
a T-square to draw properly spaced horizontal 
guidelines, You insert the point of your pencil 
through one of the holes and the instrument 
slides along the T-square as you move the pen- 
cil across the page. The enlarged drawing of 
the instrument in the lower part of the figure 
shows the details of how the instrument is used. 
Notice the three rows of holes in the circular 
disc of the instrument, The holes in the center 
row are equally spaced and are used to draw 
equally spaced guidelines, The two outside rows 
are used for drawing both capital and lowercase 
guidelines, The left row gives a proportion of 
3 to 5 for lowercase and capital letters, and 
the right row gives а proportion of 2 to 3. 

The design of the Ames lettering instrument 
permits you to use it for lettering ranging in 
height from 2/32 to 10/32 inch, These various 
heights are attainable by rotating the circular 
disc within the outer section of the instrument. 
The numbers along the bottom edge of the disc 


CAP LINE 


WAIST LINE 





: i BASE LINE 


| DROP LINE 


45,212 
Figure 5-16, — Laying out guidelines, 
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STRAIGHTEDGE i 





NR 8 INDICATES A HEIGHT OF 


8 | 
52 OR 4 
В 


29.275A 
Figure 5-17A & В. — Laying off lines for lettering 


are used to set the instrument for a particular 
letter height, The number aligned with the index 
on the outer section of the instrument indicates 
the height of the lettering in 32nds of an inch. In 
figure 5-17b the number 8 is aligned with the 
index; therefore, the distance between the capital 
letter guides produced by this setting is 8/32 
inch or 1/4 inch. 

By standing the Ames lettering instrument 
on its greater sloping side, you can use it for 
drawing guidelines which slope at an angle of 
67 1/2 degrees with the horizontal (see theupper- 
right portion of Figure 5-175). 


MATERIALS 


The trend in lettering is toward simplificatior 
and speed of execution, The style of lettering 





is influenced by the tools used to produce it. 
Therefore, we will discuss some of the tools 
of lettering and their uses. Figure 5-18 shows 
four commonly used lettering tools. 

Lettering surfaces include a great variety 
of papers. Generally the paper you use will 
depend on the type of tool you are lettering with. 
Pens for instance should be used with a smooth 
surface Bristol, Medium-surface Bristols are 
better however for brush, pencil, pastels, char- 
coal, and felt tip pens. 

Poster paints, often referred to as slow-card 
paints, are used with the pen or brush. For 
use in lettering pens, the paint can be diluted, 
or ink especially made for lettering pens can 
be used. For use with a brush the consistency 
of the paint is important. To achieve the proper 
consistency, make some practice strokes similar 
to those shown in figure 5-19 on scrap paper or 
board. A mixture containing too much water will 
run, whereas too little water will result in a 


45.207 (142) B 

Figure 5-18, — Illustratesthisthick and thin prin- 
ciple whichthe Romans used, and shows four 

of the most commonly used flat lettering tools. 


109 





ILLUSTRATOR DRAFTSMAN 3 6 2 








TOO MUCH WATER TOO LITTLE WATER A PROPER MIXTURE 


142,345 
Figure 5-19. — Proper paint consistency. 


rough textural effect. When paint is mixed to 
the proper consistency, you will be able to make 
a smooth even line, Paints often dry out as 
moisture evaporates. If this happens, add water 
to bring the paint back to a creamy consistency. 


Pencils 


Good technique is as essential in lettering 
as in drawing. The quality of the lettering is 





45.139(142А) 
Figure 5-20, — Lettering pencils. 


important whether it appears on finished work 
to be reproduced or as part of a pencil rough. 
In the first case, the lettering must be sharp, 
clean, firm, and opaque; in the second, it may 
be lighter, The lettering pencil should be selected 
carefully, As an aid to proper selection, try 
a number of different pencils until you find the 
one best suited, 

Letter size will also play a part in pencil 
selection, (See fig. 5-20.) Small lettering calls 
for a drawing pencil sharpened either to a 
conical or chisel point. Medium lettering will 
best be accomplished with a thick soft leaded 
pencil, also sharpened to a chisel point. The 
carpenter's or layout pencil is best for large 
lettering. Refer to figure 5-21 for a method 
to sharpen the pencil to a chisel point. 

The first requirement in lettering is holding 
the pencil correctly and comforably. As shown 
in figure 5-21, hold the pencil with the thumb, 
forefinger, and second finger in the normal 
writing position, or in amanner most comfortable 
to the individual user, 

Draw vertical, slanting, and curved strokes 
with a steady, even, finger movement. Draw 
horizontal strokes with similar movements but 
with some pivoting of the hand at the wrist. 
Exert pressure that is firm and uniform but 
not so heavy as to cut grooves in the paper. 


Charcoal and Pastels 


In a manner similar to that of penciling, 
charcoal may also be used to produce very 
black lettering, For large color layouts pastels 
are ideal, Nupastel sticks held flat on the paper, 
as shown in figure 5-22, produce a wide stroke 
that is similar to the stroke produced when using 
the long side of a piece of chalk on a blackboard, 
Smaller letters are obtained by holding the Nu- 
pastel stick like a pencil and using one end as 
a marker, 

To prevent charcoal, pastels and other soft, 
smudge type mediums from smearing, a fixative 
such as ''Krylon'' must be sprayed over them, 


Pens 


Until printing was invented, all books had 
to be hand lettered and the tool most often used 
was a broad, flat pen. Freehand lettering with 
a broad pen continues to be useful in work such 
ав posters, signs, certificates, charts, displays, 
and many others, 

Because of the various pen points available, 
a wide variety of novel and exciting lettering 
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Figure 5-21. — The carpenter's pencil sharpened to a chisel point. 


effects can be created with the broad-pen style 
of lettering. For small lettering a flexible quill 
may be useful, although it takes more skill 
to use. 

When using a lettering pen hold it as you 
would an ordinary pencil. (See fig. 5-23.) Do 


Figure 5-22.—The nupastel stick held in a flat 


position to produce a wide stroke. 142,346 






EVENL Y 
CUT AWAY 
THE WOOD 










RUB DOWN BO TH LARGE FLAT EDGES 
UNTIL TAPERED TO A DULL CHISEL 
POINT. SQUARE OFF TIP BY HOLDING 
PENCIL POINT SQUAREL Y AGAINST 
SANDPAPER. THE SAME PROCEDURE 
IS FOLLOWED TO MAKE A CHISEL 
POINT ON A ROUND PENCIL 


29.272(142) 


not grip it tightly. When the pen is held tightly, 
you lose a sense of feel necessary to execute 
proper lettering form. 


Felt-tip Pens 


Felt-tip pens such as the Flo-master pen used 
for flip chart lettering, are used like the broad 
pen. 

Practice will indicate how much ink is required 
for good lettering. Too much ink will cause 
bleeding, while too little will causea light textural 
effect. 


irush 


As you have seen, the brush has been a favorite 
lettering tool for some years, It may be classified 





142.347 
Figure 5-23. — Holding the lettering pen. 
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іп the ''broad реп!" category. Although the brush 
and pen are in the same category and used in 
the same manner, it will take more practice to 
become skilled with the brush, To become рго- 
ficient in this skill requires a desire for self 
improvement and diligent practice. 


There are two types of brushes preferred for 
lettering. They are the rigger brush, a red sable 
brush with a round ferrule and square edge — rang- 
ing in size from a Хо, 1 (very small) to a No. 24 
(large); and the single stroke red sable brush 
with a flat ferrule which comes in varying widths 
from small (1/8 inch) to large (1 inch), 


For single stroke lettering, choose a brush 
that is equal in size to the desired width of a 
stroke. To prepare the brush, fill it with paint. 
On a piece of scrap illustration board, work the 
edge into a chisel point. The point should be the 
same size as the normal spread of the brush, Form 
each stroke with the tip of the brush, applying 
an equal amount of pressure for each stroke. 
Do not use so much pressure that your brush will 
spread beyond normal width, cause uneven 
strokes, and shorten the life of the brush. 

Holding the brush properly is important. 
Some lettering men hold the brush in the same 
manner as they hold a pencil; others prefer a 
two-finger grip on the middle of the ferrule. 
The main consideration is to hold the brush com- 
fortably in a natural position, so that is is 
nearly at a right angle to the paper. The right 
angle hold allows each stroke to be finished 
with a clean-cut edge. 

The two finger grip is preferred because 
it improves the maneuverability of the brush 
on the curved strokes of gothic letters. Grip 
the ferrule between the thumb and first finger 
holding the brush perpendicular to the paper. 
Rest your other two fingers and the heel of 
your hand on the paper. 

Strokes are made with a coordinated arm, 
wrist, and finger action, Vertical and slanted 
strokes are made by drawing the brush towards 
you. Horizontal strokes are made from left to 
right. Curved strokes are made by rolling the 
brush with the fingers in the direction of the 
stroke, achieving and even width throughout. 
Figure 5-24 shows the two-finger grip and the 
roll direction, 

Figure 5-25 shows that the vertical and curved 
brush letters are made as follows: 


1. Draw the vertical strokes. 
2, Turn the brush sideways and square off 
the top and bottom of the vertical strokes. 


ROLL IN THE DIRECTION OF 
THE CURVED STROKE 
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142.348 
Figure 5-24, — The rigger brush held with the two 


finger grip. 


3. Make the left half of the curve. Hold 
the ferrule of the brush between the thumb and 
forefinger, and twirl the brush in the motion 
indicated by the arrow in the illustration. 

4, Connect the curve as needed to finish 
the letter. 


STROKES 


Many roman and gothic faces are represented 
by the basic framework of the basic face. The 
letters in figure 5-26 have been stripped down 
to their essential elements, None of the letters 
can be constructed in a more simplified style 
than that which is shown. Each of these letters 
and numbers, should be studied until its con- 
struction is known, 

To learn to letter properly, all that is nec- 
essary is patient practice. Lettering is not like 
handwriting. Letters are drawn, and there are 
standard forms and strokes which you can learn. 
Even if your handwriting is not particularly 
good, you can learn with practice to draw good 
legible letters, 

In lettering, the proportions of one letter to 
another and the order in which you draw the 
strokes are as important as the shapes of the 
individual letters. The proportion of the letters 
gives them style and character, and the order 
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STEP 1 


COMBINED 


45.207 (142)5 


Figure 5-25. — Making vertical and curved brush letters, 


in which you draw the strokes affects the ease 
and rapidity of your lettering. The basic roman 
style is chosen to start the beginner because 
of its perfected proportions and ease of con- 
struction. 

A square chisel point on a carpenter’s pencil 
is the ideal tool to use when drawing the roman 
face, You can LET THE TOOL FORM THE 
LETTER, Figure 5-21 shows how the chisel 
point is formed and shows the recommended 
position for using it. Your thick and thin strokes 
will come automatically if you train yourself 
to hold the pencil so that the chisel point forms 
about a 30° angle with the horizontal guidelines, 

Do not twist or turn your hand as the strokes 
turn, but hold your pencil at the same angle at 
all times, You will find it necessary to resharpen 
your pencil often in order for your strokes to 
all have the same sharp edges, 

To work well, sit comfortably with your work 
direcly in front of you. Don't lean over too close 


ABCDEFGHIJKLMNO . 
PQRSTUVWXYZ-T& - 





45.207 (142)A 
Figure 5-26, — Basic lettering. 


to your work. You want to be able to see all of 
your work in order to relate each letter to the 
entire layout, Except when touching up, always 
keep your pad straight on the drawing board, 

Figure 5-27 illustrates the six basic strokes 
of the roman face, 

The first character of each set is the stroke, 
the remaining characters aretypicalletters made 
up of the stroke. Practice these strokes in- 
dividually and in combination with each other. 

At this point we are ready to learn the basic 
strokes of the thick and thin roman face. 

To draw the roman face shown in figure 5-28, 
you use a chisel-pointed pencil. Numbered arrows 
indicate the sequence and direction in which 
each stroke is to be made. 

With the addition of serifs (the small strokes 
at the end of the main strokes, you can make 
thick and thin letters into the Caslon style, 
See figure 5-29, Caslon has been selected for 
instruction not only because it is the most widely 
used, but also because it conforms most closely 
to the thick-and-thin style just discussed. 


IHINF ЭРООК 
-ЕРНО / AYZX 
C COQC NWVMN 


Figure 5-27.— Six basic strokes of the roman 
face. 
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45,220-.222 
Figure 5-28.-- Basic roman face. 


The Caslon face is also the most commonly There is one exception to the rule of holding 
used with other roman faces because its serifs the chisel point at the 30° angle. When you аге 
are not extreme, but are average in thickness, drawing thin diagonals or verticals, as with 
pointedness, and length. the letters A, M, N, V, and W, the unwanted 

Тһе Caslon letters are drawn with the same thickness in the strokes must be avoided, so 
sequence of strokes as the chisel point thick the chisel point is turned so that a very thin 
and thin roman letters shown in figure 5-28. line is made. The chisel point is not turned 


AABBCCDD etc 





45.207 (142)D 
Figure 5-29. — Caslon face. 
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from the 30° angle for any other reason if 
good Caslon lettering is to be accomplished, 

When you are drawing gothic letters, the 
chisel point must be turned or twirled in the 
direction of the stroke to ensure the same width 
of letter throughout its construction, as shown 
in figure 5-30. As you can see, this is quite a 
different procedure than the one used in making 
the thick and thin roman face. 

The sequence and direction in which each 
Stroke is to be made is the same as for the 
roman face. Construct the guidelines as before, 
These guidelines help you keep your lettering 
uniform. 

When drawing the gothic faces, thin the heavy 
strokes that join other strokes to avoid making 
the heavy strokes appear even bigger than they 
actually are, This is true in both the caps and 
the lowercase of this face. Also the curved 
strokes are generally drawn thinner where they 
join the straight strokes, otherwise, a dark spot 
develops where the two heavy strokes join. 
Figure 5-31 shows the correct method to make 
these adjustments. Though slight, these changes 
are very important to the proper construction 
of this face. 

Figure 5-32 shows a variation of the gothic 
face. 


SCRIPT letters are based on our handwriting 
style. To get the feel of the basic strokes, it 
is best to write with a flexible pen that will make 
hairline strokes when light pressure is applied, 
and wide strokes when heavy pressure is applied, 





There are many styles of script, but we shall 
concentrate on just two styles, the BASIC script 
and the FORMAL script; thick and thin versions 
are shown in figure 5-33. 

Formal script gives the impression of ele- 
gance, dignity, and refinement, and is very easy 
to read, With а good understanding of the Basic 
and Formal script, you will be able to create 
many variations of script, and thus meet the 
many requests for this type of lettering. 

Hairlines which sweep up to join main stems 
are called kerns, and must be uniform in direc- 
tion. They should all join the main stems at 
exactly the same height as pointed out by letter 
a in figure 5-33. For good spacing, the width of 
the curves made by the upsweep hairlines should 
be uniform. 

There are three ways to properly construct 
script letters with the pencil. These are shown 
in figure 5-34. 

Figure 5-34a shows the most accurate way 
to build up the thick strokes with a pencil. 


Figure 5-34b shows a quick way to indicate 
small script. As the strokes are drawn, heavy 
pressure is applied to make the thick lines, 
and very light pressure is applied to make 
the hairlines. 


Figure 5-34c shows the third method, a use- 
ful and quick way to made large letters. The 
thick strokes are rendered with a chisel point 
and the hairlines are made with either the corner 
of a chisel point or with а pointed pencil. 


DRAWING ROUND LETTERS 





DRAW SIDES FIRST, THEN DRAW TOP 
AND BOTTOM, TURNING CHISEL 
POINT IN DIRECTION OF STROKE. 


45.219(142) 


Figure 5-30. — Gothic face. 
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Figure 5-31.— Adjustments to letters, 





COMPOSITION OF LETTERING 


The overall effectiveness of your work is 
dependent upon its composition. Following the 
rules of design and composition (Chapter 9 
in this manual) you will be able to determine 
the proper arrangement for your artwork, 


Lettering by itself, or as one unit or a 
piece of artwork, involves the proper arrange- 
ment of letters, words, and lines. 


Lettering compositions may be classified 
either as formal or informal. Subjects of a 
serious or dignified nature generally call for 
a formal layout, and may be classified as centered 
compositions. Centered compositions give a 
pleasingly balanced though static quality to the 
copy. Horizontally, all elements are centered 
between the left and right margins of the paper. 
Vertically, elements should be placed in relation 
to the optical center which is about one-tenth 
of the length of the page above actual center. 


Any element placed in the optical center 
of the page will receive the maximum of attention 





45.207 (142) J 
Figure 5-32, — Headline gothic. 


BASIC SCRIPT — CAPS 


ALCOE tC 


BASIC SCRIPT - LOWERCASE 


atcaetc 


FORMAL SCRIPT - CAPS 


A BCDErC 


абсаеѓс 


45.207 (142)K 
Figure 5-33, — Script lettering. 


and will be pleasingly positioned, while an element 
placed in the exact center will look as if it were 
below the center of the page. (See fig. 5-35.) 

Because of this optical quirk, type set in the 
form of an inverted pyramid is always more 
pleasing to the eye than type set in the shape 
of an upright pyramid. 


45.207 (142)L 
Figure 5-34, — Constructing script lettering. 
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STILES 
STILES 





Figure 5-35.-- The optical center of the pageis 
always a bit higher than the actual center. Type 
placed in the center of the page doesn't look as good 
as type placed slightly above the center, 113.13 


As you can see in figure 5-36 the inverted 
pyramid places the main body of the type above 
the center and directs the eye down toward the 
conclusion of the copy, while type set in the 
upright pyramid form places the main body of 
the type at the bottom and carries the eye up 
out of the reaing matter. Inverted pyramid forms 
are a kind of centered composition and are used 
extensively in formal layouts. 

Informal layouts (fig. 5-37) make use of off 
center arrangements which will add interest, 
freshness, and motion to the copy. Elements are 
arranged so that the eye is naturally led from 
one element to another, This eye-leading arrange- 
ment is particularly important in display work 
and should be used when possible. However, in 
spite of their casual appearance, the elements of 
the job must be arranged in an optically balanced 
order. 


Letter Spacing 


In straight-line lettering, you can determine 
by eye spacing between letters after making the 
first letter and before making each succeeding 
letter. To give а word the appearance of having 
uniformly spaced letters, make the areas of the 
between-letter spaces nearly equal as shown 
in figure 5-38, The areas between adjacent 
letters in a word vary with respect to whether 
the letters have straight sides (H, I, M, N) or 
slanted sides (A, V, W) and whether the letters 
are round (O, Q, C, G) or open (L, J). Adjacent 
straight-sided letters are drawn farther apart 
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113,12,1 
Figure 5-36. — Formal layouts, 


than are adjacent round letters, Adjacent slant- 
sided and open letters are drawn nearer to- 
gether than are adjacent round letters. Where 
letters L and Т, L and V, А and V, and other 
pairs of like shape come together in a word, 
the top of one may have to be drawn above the 
bottom of the other to avoid having the word 
appear as two or more words, In letter spacing, 
the six problems listed below are the hardest 
to solve, The first five problems are solved 
by moving the letters closer together; the sixth 
by moving the letters farther apart. 

1. Round next to round, (increasing area at top 
and bottom where letters curve away from each 
other as in figure 5-394). 

2, Round next to slant. (increasing area at 
top or bottom where letters move away from 
each other as in figure 5-39B) 
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113.12.2 
Figure 5-37. — Informal layouts. 


3. Vertical next to slant. (increasing area 
at top or bottom where one letter slants away 
from the other as in figure 5-39C) 

4, Slant next to slant. (increasing area at top 
or bottom where letters slant in oposite directions 
as in figure 5-39D) 

5. Round next to vertical. (increasing area at 
top and bottom where round letter curves away 
as in figure 5-39E) 

6. Vertical next to vertical. (decreasing area 
at top and bottom where serifs move together 
as in figure 5-39F) 


In problems 3, 4, and 6, you may not be able 
to keep the serifs from touching. 


МАМ US NAVY 


USNAVY USNAVY 


Figure 5-38, — Illustrates the differences between 
mechanical spacing and the proper optical 
spacing. The left hand side of the illustration 
is mechanically spaced with even amounts of 
space between each letter. The right hand side 
is visually equal in the amount of area between 
each letter. 45.207 (142) E 
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45.207 (142) Е 
Figure 5-39. — Common spacing problems, 


Word Spacing 


Proper spacing between words is animportant 
factor in making them easy to read. Allow enough 
space between words and sentences to keep them 
from running together, but not so much as to 
cause words to be read one at a time. A good 
practice to follow is making spaces between 
words equal to the space that the letter O occupies 
as shown in figure 5-40. If you prefer, you can 





45.207 (142A) 
Figure 5-40. — Spacing between words and lines, 
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use the letter N or a correctly spaced letter I 
instead. 


Naturally, the design of the last letter of a 
word and of the first letter of the following 
word must be considered in determining the 
amount of space you leave between words, You 
should leave a space equal to a capital O between 
two full-height straight-stemmed letters, such 
as H and E or D and B, Of course, if one or 
both of the letters are curved, the space should 
be appropriately reduced, If the two letters 
involved are lowercase, use the lowercase "о!" 
to determine the width of the space. If one letter 
is full height and the other is lowercase height, 
such as in the words "bid пом" or "оп him," 
the space would be equal to half a capital O 
and half a lowercase "о", 


TRIAL-SPACING PAPER 


Line Spacing 


In addition to the spacing between letters and 
words, the spacing between lines of lettering 
adds to the readability of the lettering. Again 
your eye and your artistic ability must be your 
guide, Except when you are trying for a special 
effect, you should have enough air space between 
the lines to make it easy for the reader to see 
what he is reading. 


The distance between lines may vary from 
1/2 to 1 1/2 times the height of the letter, but 
for sake of appearance it should not be exactly 
the same as the letter height. As a general 
rule two-thirds of the letter height, is a good 
distance between lines, This spacing allows 





45,217 


Figure 5-41, — Centering with trial-spacing paper, 


room for descenders of lowercase letters, and 
still maintains a clear space of one-third letter 
height between the descenders and capital letters, 
or ascenders of lowercase letters of the follow- 
ing line. Figure 5-40 shows proper word line 
spacing. 


Centering 


Since the letters of an alphabet vary in width, 
it is rather difficult to center a line of lettering. 


Figure 5-41 shows one way of solving this problem. 
First, take a piece of scratch paper and letter in 
the required line, Then, place this line of lettering 
above the area in which your lettering is to go 
and center it, Finally, use the sample as a guide 
to lettering the desired line, 


Ending a line of lettering at a given point is 
equally difficult, As in centering, first letter the 
line on a piece of scratch paper in order to 
achieve the proper line length. 

To make lines of lettering come out to a 
specified length you must adjust the word and 
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or letter spacing. This adjustment in spacing 
is called ''justifying"'. A good example of justifying 
is found in the columns of this manual, Notice how 
all full lines start and stop on the right and left 
hand margins, Usually you will only find justified 
lettering type set, or typewritten by mechanical 
means, However, if you do have an occasion to 
to justify your lettering, you should try to 
keep the spacing between the words as uniform 
as possible. Uneven spacing detracts from the 
appearance of the job, When it is impossible 
to divide the spacing evenly, insert wider spac- 


ing at points where one word ends and the next 
begins with tall letters, like "а", "b'', and 
"1 n 

If you use too much space between the words, 
the paragraph will tend to fall apart, Because 
it is filled with rivers of white space that will 
disturb the eye. 

When a line is so short that it calls for an 
undue amount of space between words to lengthen 
the line, allow more space between the letters 
in each word. This is known as letterspacing. 
When words are letterspaced, always allow extra 





space between each word so that they will not 
seem to run together when they are read, 


Letterspacing makes short words in titles 
or headings appear longer. Though it frequently 
improves the appearance of words in caps, 
letterspacing reduce the legibility of words 
in lowercase, Therefore, the process must be 
used with caution. 


DISTORTIONS AND OPTICAL 
ILLUSIONS IN LETTERING 


The eye is often bothered by certain dis- 
torting effects that occur in lettering designs. 
Many of these effects are of great concern to 
us, especially the illusion that makes certain 
forms of the same height appear quite different 
in height when placed beside each other. 


45.207 (142)M 
Figure 5-42, — Optical illusions. 


A good example is when triangles, circles, 
and rectangles of the same height are placed 
together. The triangles and circles never look 
as tall as the rectangles. When you draw or 
design letters with these shapes, you must make 
corrections os that these disturbing effects are 
offset and your letters appear correct and con- 
sistent. 

In figure 5-42 we see a triangle, a rectangle 
and a circle of exactly the same height, Due to 
an optical illusion, however, the triangle and the 
circle look shorter than the rectangle. To cor- 
rect this illusion and make all three appear to 
be of the same height, the point of the triangle 
is extended above the guideline while the circle 
is extended beyond both the top and bottom 
guidelines, 

Using the letter A to represent the triangle, 
the letter E the rectangle, and the letter C the 
circle, we can see that the letters A and C must 
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be enlarged in order for all the letters to appear 
to have the same height. 

The same considerations apply to the lower- 
case letters and similar adjustments are neces- 
sary in every face if the letters are to appear 
uniform in height. 


OVERLAPPING LETTERS 
When designing overlapping letters, care must 


be taken that they are not overlapped to such 
an extent that their form or their negative space 


is greatly distorted, The letters in figure 5-43 
are properly overlapped because there is enough 
of each letter remaining so that your eye can 
fill in the missing parts. Also, the identifying 
negative spaces have not been destroyed, as 
you can easily see in figure 5-43 by the blackest 
areas around the letters. 


FINISHED LETTERING 


So far in this section you have learned about 
the construction of layout lettering, — a knowledge 





that is useful in flip chart production, Now you 


will learn the procedure for constructing finished, 
or accurate lettering, suitable for reproduction, 


The tools and materials needed to do finished 
lettering include a good pen with a flexible point 
and a pen with a very rigid point, Flexible pens 
should be used only on a hard surface paper, 
otherwise, the pen may catch on the paper and 
cause rough edges. A penholder of about the 
same thickness as a pencil will be the easiest 
to work with. A good ruling pen or a good Rapid- 
ograph pen is a must, A good quality No. 2 or 
No. 3 red sable brush in needed for retouching; 
when retouching, use a good opaque white. 

Finished lettering is usually done on kid- 
finished Strathmore Bristol Board, or on a paper 
of like quality. Many kinds of paper are available; 
experiment and find the one that is most suitable 
to your needs. 

Finished lettering is usually drawn one-half 
larger than reproduction size, Some illustrators 


45,207 (142)P 
Figure 5-43, — Overlapping letters. 


prefer to enlarge the lettering to twice the size, 


Figure 5-44, Step one is to scale up your layout 
lettering. The easiest and fastest way is to use 
proportional dividers or a projector. 

Adjust the dividers so that it gives a ratio 
fo 1:2 or to whatever proportions you desire. 

Now place your scaled up lettering under the 
top sheet of visualizing paper. Using a chisel 
point, or a B or 2B pencil, stroke in the letters 
until you have the correct weight and proportions 
for the letters. You can, by sliding the under 
tracing back and forth, align the letters as you 
want them, Check your lettering to see that the 
spacing and weight of the letters are uniform; 
if not, make another tracing. You may have to 
make several tracings before you have a satis- 
factory piece of lettering. Looking at the line of 
lettering from the back of the visualizing paper 
often shows up mistakes not otherwise noticeable, 

Now do a final tracing. By building up your 
letters freehand, you can see what adjustments 
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are needed, if апу, in the width of spacing of 
the letters, You should have eliminated every 
problem of design on this tracing. 

Turn your tracing over and blacken the back 
of it with an H or 1H pencil, This will give you a 
clean, firm, light line tracing when drawn, At- 
tach the paper for your finished lettering to your 
drawing board. Tape the tracing to the top of 
the drawing paper and, with a T-square, made 
two sets of register marks. Now you will be able 
to remove your tracing anytime you wish and 
still be able to correctly align it to your drawing 
paper. 

With а ЗН or harder pencil, a T-square and 
a triangle, trace all of the horizontal and verti- 
cal lines, Now loosen the drawing paper from 
the board, with the tracing paper still attached to 
it, and turn the paper to whatever angle you 
desire and trace in the curves freehand, Always 
keep your pencil sharp while you work, 

Frequently lift your tracing paper to avoid 
missing any lines, and to see if your transfer 
lines are sharp. You must make firm lines, but 
do not apply pressure во hard that you make 
furrows in the paper. 

Remove the tracing from the finish sheet 
and with your pen, T-square, and triangle, ink 
all of the horizontal and vertical outlines. 

Arrange your paper as before in the direction 
you most prefer and ink in the curved lines, using 
short strokes, Draw the edges smooth and sharp. 
They must be consistent with the edge of the 
horizontals and verticals. Keep your pen clean 
by wiping it frequently on a cloth or on scrap 
paper. This aids the ink ot flow freely. 

Do not correct any mistakes until you are 
completely finished with the job. If the ink has 
gone over the proper limits of a letter, use 


white opaque to cut it back, Any large corrections 
in black should be made with lampblack rather 
than idia ink which may chip ой ofthe large areas. 

With an artgum eraser, carefully and gently 
erase any pencil marks or smudges. Examine 
your finished job carefully and make any final 
corrections or even up any ragged edges with 
a very fine brush. 


Recalling the discussion on script lettering, 
you are now going to learn a more casual, 
version of script called brush script. Brush 
Script has a unique freshness, bounce and vitality 
and is widely used, You will have to try many 
different styles of writing with the brush to achieve 
the effect you want, To practice this style of 
lettering, you will need a bottle of ink, a supply 
of paper and а No. 2, №. 3 ог №. 4 sable brush. 
Figure 5-45 shows the usual three to five steps 
taken to do brush script. 


Step 1: Write the copy over and over until 
you get the desired effect, 

Step 2: Select the word or parts of words or 
letters which you feel has the character of the 
Style you are seeking. The parts you select 
Should be easy to read, consistent in character, 
size and weight. 

Step 3: Cut out the sections you have selected, 
Paste them down with rubber cement, Before the 
cement dries, you can move the sections around 
to get the proper spacing and alignment, Clean 
away any surplus cement and make any additions 
or adjustments with brush and ink, | 

Step 4: When you want a more exacting job, 
you can make a negative, paint out the section 
lines, and make any final changes you find 


necessary. 





Figure 5-44, — A method of enlarging lettering. 


45,207 (142)Q 
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STEP 3 STEP 4 


7. 


STEP 5 





45.207 (142)R 


Figure 5-45, — Steps in creating effective brush script. 


Step 5: Have a glossy positive made from the 
retouched negative, This will be the finished 
art. If necessary, you can still make improve- 
ments directly on the photostatic positive. 


MECHANICAL AIDS FOR LETTERING 


The DM employs several mechanical devices 
to aid him in preparing finished lettering, thatis, 


lettering that is suitable for display and re- 
production, These devices include lettering guides, 
photolettering machines, and mechanicallettering 
devices, 


LETTERING GUIDES 


Lettering guides, such as Leroy and Wrico 
sets, have the advantage of ensuring that letters 
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and figures made with them will be absolutely 
uniform, By using these guides instead of working 
freehand, you can do lettering which is more 
professional in appearance. However, even some- 
one who has developed maximum skill in the use 
of these guides cannot letter as rapidly as a 
proficient freehand letterer. Also, when you use 
these lettering guides, you must still determine 
the spacing between letters and words, Remember 
that a line of lettering will not look professional 
unless it is properly spaced. 


Leroy Lettering Set 


In addition to the case, Leroy lettering sets 
(fig. 5-46) consist of five component parts: 
a number of guides or templates; a three-legged 
adjustable scriber; a number of inking pens, 
penholder; a special Leroy penholding attachment; 


and a special penciling attachment for the scriber, 
Figure 5-47 shows the scriber and the template 
in working position, The callouts identify the 
other parts. 

One leg of the scriber holds the penor pencil, 
and the other two legs terminate in tracer points, 
One tracer point or tailpin moves along a straight 
groove on the template. The other traces the de- 
pressed characters on the template, When this 
latter point is moved around the contour of a 
character, the entire scriber hinges on the tail- 
pin in the groove and the pen or pencil traces 
the character on the drawing surface. 


Alongside the penpoint, there is a rest, ad- 
justable in height, which prevents the pen from 
resting heavily on the drawing. This must be 
carefully adjusted because the pen will make a 
satisfactory line only when it is in very light 





142,349X 
Figure 5-46, — Leroy lettering set. 
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. TEMPLATE 


GCEEANING PIN 


ADJUSTING SCREW SCRIBER 





45.120X 


Figure 5-47. — Leroy pen and template. 


contact with the drawing. You should experiment 
to find the exact point of adjustment, 

The pens are vertical, with a reservoir to 
ink, and have а steei wire or cleaning pin running 
down into the opening at the bottom to keep the 
ink from clotting in the point. The pens are held 
іп the scriber by means of a clamping screw. 

New models of Leroy sets, such as the one 
shown in figure 5-46, are supplied with reservior 
pens that hold enough ink for several days of 
steady lettering without refilling the ink reservoir. 
А discussion of technical fountain pens in chapter 
3 refers to these reservoir type of lettering pens. 

Any drawing can be neatly completed with 
characters of uniform slant, height, and thickness 
of strokes with the use of the Leroy set by taking 
the following steps: 


1. Select the template with the letters of the 
desired height. Letter size is indicated in 
thousandths of an inch on each template, 

2. Lay the template along the top of a T- 
square or the straightedge of a drafting 
machine, 

3. Using the table shown in figure 5-48, 
select the proper реп, 

4, Insert the selected pen into the socket 
of the scriber arm until the shoulder of 
the pen rests on the scriber arm. 

5. Tighten the screw on the side of the 
scriber arm, 

6. Loosen the locknut on the adjusting screw 
in the scriber arm. 

7. Set the tailpin of the scriber in the straight 
guide groove of the template. 


8. Set the tracer pin of the scriber in the 
groove of a character. 

9. Lower the pen gently to the surface of the 
drawing paper, 

10, Raise or lower the scriber arm by turning 
the adjusting screw until the tip of the 
cleaning pin within the pen just touches the 
drawing surface, Tighten the locknut when 
the desired height is reached, 


(NOTE: To prevent blotting, this adjustment 
is made before ink is put into the pen.) 


11. Remove the scriber from the template, 
12, Fill the reservoir of the pen with draw- 
ing ink. 


(NOTE: The Leroy pen is filled with ink in 


the same manner as any common drafting ink- 
ing instrument.) 


13. Wipe the lower tip of the pen with a 
cloth to remove any excess ink that may 


TEMPLATE- 60 80 100 120 te m ed 200 ur die 290 a ча? Eds 
0 


РЕМ SIZE- 000 OO OO 


ү | 
РЕМ ТНІСКМЕ55 
142.128 


Figure 5-48, — Table for selection of proper Leroy 
pen, 
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have been pushed through by the clean- 15, Proceed with the lettering by moving the 
ing pen, tracer pin in the grooves of the characters, 
keeping the tail ріп in the straight-guide | 
14, Gently lower the pen to the drawing sur- groove, 
face after inserting the tail and tracer 
pins into their proper grooves, Shown in (NOTE: If the ink does not flow properly, turn 
Figure 5-49, the cleaning pin within the pen, and make any © 


minor adjustment to the adjusting screw to _ 
allow the ink to flow properly. It is suggested 
that during short intervals of nonuse that occur 
when lettering, that the tip of the pen, while still 
in the socket of the scriber arm, be placed on 
a piece of moist cotton. This will prevent the 
ink from drying around the opening and will 
help the ink to flow properly when used again, 
To also prevent drying of the ink at the tips of 
the pen, wipe them frequently while lettering. 
A clean tip will produce strokes of uniform 
width.) 


Wash each pen carefully after it has been 
used, Do not hold the pens under running water 
when you wash them, since they are so small 
they can easily be dropped down the drain, Use 
a syringe to rinse the pens, The manufacturer 
of the Leroy lettering set offers a special pen- 
cleaning fluid which is excellent for washing pens 
or for soaking off dried ink. 


When lettering has to be centered above a 
certain part of a drawing or within the center 
of a certain space, the scales along the bottom 
edges of the templates can serve as a centering 
aid. Each space on the scale represents the 
center-to-center distance of normal-width let- 
ters. For example, to center the words LEROY 
LETTERING above a certain line, proceed as 
follows: 


1. Count the letters in the words and the 
spaces between them, Result: 15, 

2. Considering the letter ''I'' and the spaces 
between the words as half value each, 
reduce the total by one (1). Result: 14, 


(NOTE: If there are an odd number of half 
values, take the next lower even number and 
allow more space between words than normally 
required.) 


3. Divide the result of No. 2 above by 2, 





Result: 7. 
4, Set the zero of the scale at the vertical 
45,121Х line about which the lettering is to be 
Figure 5-49,— Method of using Leroy lettering centered and mark off seven spaces to 
set, the left and right of zero. 
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5. Start the ‘І? of the word *LEROY? in 
the title at the left mark and continue to the 
end. The right edge of the “С” should fall on 
the mark to the right, 


Vertical lettering should be used whenever 
possible when lettering along a curved line, The 
axes of the letters should be coincident with the 
radii of the curves through the center of the 
letters. When slant lettering is required, the 
letters are drawn so that the radii of the curves 
run through the center of the bottom of the 
letters. Since the axes of the letters will not be 
parallel, a straightedge need not be used, The 
fastest and best way to accomplish lettering on 
curved lines is to proceed as follows: 


1. At the position where the letters are to 
be drawn, sketch a light pencil line parallel 
to the given curve for the bottom or topof 
the lettering. 

2. By visual inspection, determine the di- 
rection of the radial line through the center 
of the letter. 

3. Place the Leroy template on the drawing 
so that its edge is perpendicular to the 
radial line, 

4, Insert the tail pin of the scriber in the 
straight-guide groove of the template, and 
the tracer pin at the bottom or top of the 
required letter, 

5. Move the template and scriber as a unit 

to the left or right and up or down as re- 

quired, keeping the template parallel to 
its original position, until the tip of the 
pen is at the correct position, 

Trace the character, 

. Repeat the preceding steps until the let- 
tering is completed, effecting equivalent 
Spacing between succeeding letters and 
words, 


“Oo 
° 


(NOTE: If the degree of the curve is known апа 
a template of that degree is available, it may be 
used to guide the Leroy template.) 


Any degree of character slant, up to 22 1/2 
degrees, may be obtained for italic lettering 
from the same Leroy template by adjusting the 
scriber. A simple adjustment of the tracer arm 
requires on loosening and retightening of a 
thumb nut, 

For extended or condensed Leroy lettering 
a letter size adapter that attaches to scriber is 
available, The height of letters or numberals 
drawn with any template can be increased or 


decreased by amounts up to one third of their 
normal height, If preferred an adjustable scriber 
is available which controls the height (60% to 
150%) and slant (vertical to 45° forward) of the 
letters or numerals, The width of letters and 
numerals is not effected by the use of the letter 
size adapter or the height slant scriber. 

To make lettering that is larger than 500 
(1/2 inch), large templates ranging in size 
up to 2 inches in height are available, However, 
they do not come in the standard set and do 
require a larger scribe and larger pen points 
to use, Template and pen sizes are: 


Template Pen size 
700 8 
1000 10 
1350 12 
2000 14 


Many classes of lettering, including foreign 
language and reversed letter templates are a- 
vailable, Additionally symbol templates such 
as: map, geological, electrical, electronic, weld- 
ing, mathematical, and music may be obtained. 
Designs of your own also may be made to order 
if their height does not exceed 2 inches, 


Wrico Lettering Sets 


There are two kinds of Wrico lettering sets 
available,— an older kind which is made up 
of templates and a newer kind which is similar 
in design to the Leroy set previously described, 

The older Wrico lettering set shown in figure 
5-50 contains a vertical penholder for various 
penpoints and a number of templates, Each 
template contains a number of differently shaped 
perforations from which letters in one size and 
style can be stenciled. 

When you use this Wrico lettering set, align 
the bottom of the letter shapes in the template 


A В CGD EF ML УУ К M М OQ PRT SUV 


| -APBGDL-LI- ММ A NOI SUV 


EEE 


45.118:.119 
Figure 5-50. — Parts of а Wrico lettering set: 
template and penholder with pen, 
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with the bottom guideline on your paper, resting 
the template against a straightedge. Since you 
will need to slide the template back and forth 
to draw different letters, it is a good idea to 
tape the straightedge in place. A shift button 
is provided at the right end of the template to 
make it easier to shift from one perforation to 
another when two must be used for a single 
letter shape. Be certain an ink line is dry be- 
fore you shift the template, otherwise you may 
smear the ink, 

The Wrico pen is vertical with a reservoir 
for ink, It is equipped with a plunger which 
keeps the point of the pen from becoming clog- 
ged with drying шк. For maximum performance, 
the Wrico pen should be kept clean, However, 
it is not a good practice to leave the pen soaking 
in water ог a solution when it is not in use, 
In addition to using the Wrico pen for lettering 
it also is especially suitable for use with stem- 
cil-type symbol templates, 


Varigraph 


The Varigraph, shown in figure 5-51 is another 
mechanical lettering device that operates with 
template and scriber, Using various templates 
it is possible for the operator to produce lettering 
that ranges from slightly less than 1/16 of an 
inch in height or width to letters that are 1 inch 
in height or width or any combination in between, 





57.19,0Х 
Figure 5-51. — Varigraph. 


Two sets of adjustable scales on the scriber | 
are graduated in thousandths of an inch, from 
.150 to .750 of an inch, These adjustments per- 
mit the user to alter the letters height-width 
ratio so that extended or condensed lettering 
may be obtained. ( 


Templates for the Varigraph are available 
in many classes of lettering, and symbols such 
as: arrow heads, electronics, mapping, mathe- 
matical, and music. Alphabets such as Greek 
and Hebrew- Yiddish are also available. 


Lettering can not be made larger than the 
template size, but may be reduced in height, 
width, or both to as much as on fifth the tem- 
plate size. Templates have characters that are 
3/4 of an inch high, and are known as full scale. 
However, larger and smaller templates are a- 
vailable such as 1 inch, 1/2 inch, 3/8 inch, 
and 1/4 inch. These various size templates are 
able to make characters as small as .050 inch 
and as large ав 1.00 inch. 


PHOTOLETTERING MACHINES 


The most popular photolettering machine found 
in Navy graphics shops is the Headliner dis- 
cussed in chapter 4. There are several other 
types of photolettering machines on the market 
for producing lettering, such as the Photo Ty- 
positor and Strip-Printer. Due to their limited 
use they will not be discussed indetail, In general 
most of these machines produce positive or 
negative copies on film or paper. 

The Photo Typositor has the capability of 
enlarging or reducing the characters from one 
font, thus eliminating the need for many fonts of 
the same type of series to produce different 
sizes. Like the Headliner it exposes and develops 
its film in one continuous operation, 

The Strip-Printer is a simple inexpensive 
machine that will produce letters at a 1:1 scale. 
Its main disadvantage is that you must have а 
darkroom setup in order to develop its film. 
Also it operates slower than the Headliner or 
Photo Typositor. 


MECHANICAL LETTERING DEVICES 


Many large mechanical lettering devices are 
used in the graphic arts field. However, normally 
Navy graphics shops are not equipped with these 
devices because of their cost. Exceptions to the 
rule may occur if your command has an ab- 
normally high requirement for such items as 
door signs. 
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Тһе Print-a-sign is an example of a mechanical 
lettering device. Its physical makeup can be com- 
pared to a rubber stamp in that its type faces 
are actually in relief (elevated or raised), When 
this device is used, the type faces are inked and 
each one in turn is printed on material such as 
illustration board, A small oven isusedto fuse or 
set the inked image. 

Another popular device for producing signs is 
the Embosograf, Letters are cut out and adhered 
to material such as cold press illustration board, 
or other materials such as plastic or aluminum, 
which are suitable for outdoor use, 

Letters are cut by type that has a raised 
cutting surface, The type is layed out (upside 
down) exactly as you wish the sign to appear on 
a sliding tray called a planten., Adhesive-coated 
paper is then placed face down over the lettering. 
Cardboard is then layed face down over the paper 
and type. The Planten, is then fed into the Em- 
bosograf which applies pressure, cutting the 
letters out and embossing them to the cardboard, 
The excess paper is then stripped off, leaving 
only the lettering. A finalstep involves heating the 
embossed lettering to ensure positive adhesion to 
the cardboard, Heat may be applied with an 
ordinary iron or a heat press. 


Much of your material will be prepared on 
the typewriter oroncoldtype composing machines 


such as the IBM proportional spacing machine, 
Selectric typewriter, or a Varityper. 

Cold type machines have an advantage over 
regular typewriters in that the letters are designed 
to look like roman, gothic, or italic faces, Also 
they use a proportional spacing system, While the 
ordinary typewriter allows the same amount of 
space for each letter - a thin letter like Ті" 
occupying the same amount of space as the wide 
letter ''w'' - these machines allow each letter 
only the exact amount of space it requires, 

If you are using copy from a typewriter you 
should check to see that the letters are clean 
and sharp. If the typewriter is improperly ad- 
justed, the typing will appear spotty. Some letters 
may not reproduce when the job is photographed, 
One widely used method of typing copy for re- 
production consists of placing a new sheet of 
carbon face down over the paper and setting 
the machine on ''stencil'', You may suggest this 
method of the typist before he or she prepares 
the copy if you know the typewriter to be in- 
adequate for this type of work. Another method 
of obtaining dense, black letters consists of 
placing the face of the carbon against the back 
of the paper. This gives an impression on both 
sides of the sheet and is very effective when the 
job is photographed. 

Since carbon images tend to smear, it is a 
good idea to spray the typing with a fixative, 





CUT AROUND LETTER 
INCLUDING UNDERLINE 
AND LIF T OFF BACKING. 


PLACE UNDERLINE ON 
GUIDE LINE ALONG EDGE 
OF HEADLINE-SETTER. 


MOVE COMPLETE HEAD- BURNISH SCRATCHPROOF 


LINE INTO DESIRED 
LOCATION ON ARTWORK. 


CUT AWAY HEADLINE- 
SETTER.(PEEL OFF 
UNDERLINES BEFORE 
REUSING) 


FORMATT INTO PLACE 
ON ARTWORK. 


57.15(142A)AX 


Figure 5-52, — Pasteup lettering. 
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such as krylon, and to cover the image with a 
tissue overlay. When spraying with a fixative 
use several thin coats instead of one heavy 
application which may cause the image to run 
or smear, 

There are several methods of making cor- 
rections to type copy. The steps of one method 
follows: Type the copy correctly on another 
sheet, Place the correction sheet directly over 
the incorrect word and cut through both top 
and bottom sheets with one cut, Remove the іп- 
correct word and insert the correction in the 
cut-out space, Secure it with tape, applied to 
the back of the sheet, Corrections also may be 
made by painting over mistakes with an opaque 
quick drying white correction fluid, such as 
"Snopake", and then typing the word or letter 
over, A third method calls for covering mis- 
takes with white correction tape and then typing 
correctly. When copy is to be reproduced by 
camera, stripping in the corrections is a good 
method because it avoids possible shadows, 
Covering methods of correction are satisfactory 
when saving time is an important element, 

Typing for drawings may be done on a sticky 
back paper. When you receive the copy you will 





FOLD BACKING SHEET 
OUT OF WAY. 








have to ensure that it is properly fixed to pre- 
vent the typing from smearing, Remove the back- 
ing and place the typing on a piece of acetate, 
or cutting board, which may easily be made by 
covering a piece of cardboard with a cloth 
or paper tape. Some DMs save scraps of vinyl 
drawing board covers and use these for cutting 
boards, Cut out each word or sets or words 
with an X-acto knife. The best way to cut out 
is with a straight edge so that each cut edge is 
aligned with the word, This method makes for 
easier alignment on your drawing plus a neater, 
more professional job, 


PASTEUP AND TRANSFER TYPE 


There are a number of alphabets which are 
printed on sheets of transparent acetate or cello- 
phane, These sheets have adhesive on one side 
for pastedown purposes, When using, simply cut 
out the letters with a knife and apply them to 
the master. Pasteup and transfer type alphabets 
are known by their trade names such as Formatt 
and Artype. Figure 5-52 shows how pasteup 
lettering is prepared, Another preferred method 


REMOVE SHEET BY CAREFULLY 
LIFTING FROM CORNER. FOR 
MAXIMUM ADHESION, PLACE 
BACKING SHEET OVER LETTER 
AND RUB AGAIN. 


RUB OVER LETTER WITH A SOFT 
PENCIL OR BURNISHING TOOL — 
BE SURE TO COVER ALL AREAS 
AND FINE LINES. 


= 
a= 





57.20.0Х 
Figure 5-54. — Foto-type letters and stick. 


97.15(142А)ВХ 
Figure 5-53,— Pressure-transfer lettering. 
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is to layoff guide lines on the master in light 
blue pencil, then position each letter inits proper 
place. 

Pressure-transfer lettering is similar to 
pasteup lettering in that the letters of the alphabet 
are printed on acetate sheets. But, as you сап see 
in figure 5-53, instead of cutting the letter out 
of the acetate sheet and attachingittothe master, 
you simply move the sheet until the desired letter 
is in the proper position and then rub the front 
of the sheet with a pencil or burnisher. When 
pressure is applied, the letter transfers from 
the back of the acetate sheet directly to the 
master. You can remove a letter with an ordinary 
pencil eraser or Х-асіо knife. 

One disadvantage of using printed lettering 
sheets is that when you run out of frequently 
used letters, you have to acquire a new sheet. 

Alphabets of letters printed on strips of 
cardboard are called Foto-type. They come in 
pads, as shown in figure 5-54. You can tear the 
individual letters from the pads and assemble 
them face down in the frame (stick) as shown 
in the illustration. Each strip has two letters 


printed on it. One side carries a letter printed 
in blue and the other carries the same letter 
printed in black. The blue letters are not to be 
photographed. They are merely a guide so that 
you can read what you are setting in the stick. 
The stick automatically alines the letters, and 
blanks are provided for spacing and justifying 
the lines to the required length. 

When you have finished setting a line, you. 
should stretch а strip of double sided Scotch 
tape across the back of the letters to hold them 
together. Next, remove the line from the stick 
and trim off the excess paper along the top and 
bottom edges. You are then ready to paste the 
line in its proper place with the other matter 
that is to be photographed. 


Foto-type alphabets come in type sizes from 
18 to 72 point, andina wide variety of type styles, 
including roman, gothic, script, and three di- 
mensional and novelty faces. Reverse alphabets, 
which allow the use of reverse (white on black) 
lettering without requiring an extra stripping 
operating are also available. 
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GENERAL DRAFTING PRACTICES 


In some of your assignments as an Illustrator 
Draftsman you will be called upon to draw me- 
chanical or other types of technical drawings. 
These technical drawings may have to convey 
all the necessary information to the individual 
who will fabricate and assemble an object whether 
it is a building,, ship, aircraft or mechanical 
device. Drawings are not only used as plans to 
fabricate and assemble objects, but are also 
used to illustrate how machines, ships, aircraft, 
etc are operated, repaired, and máintained. 

This chapter opens with an explanation of 
specifications and standards that apply to the 
drawings that are used by federal and military 
personnel. Then you are shown how to construct 
plane geometric figures and how to divide a 
line into proportional parts. Instructions pertain- 
ing to technical drawings are contained in Blue- 
print Reading and Sketching, NavPers 10077-C. 


STANDARDS FOR NAVY DRAWINGS 


Drawings prepared by or for the Navy must 
be prepared in accordance with definitely pre- 
scribed standards. Unclassified federal military 
and departmental specifications, standards, and 
related standardization documents and those in- 
dustry documents which have been coordinated 
for DOD use are published by the Assistant 
Secretary of Defense (Supply and Logistics), 
Office of Standardization. 

The documents are presented in an еуег- 
changing series which are identified by a term 
such as MIL-STD (military standard) followed 
by a number. When you start a new project, 
make sure that you have the current standards 
needed for the job. Check for the latest editions 
in the Department of Defense Index of Speci- 
fications and Standards, which is issued as of 
31 July of each year. Also check the supplements 
to the Index; supplements are issued every two 
months between the annual editions. The Index 


and its supplements are issued in two parts; an 
alphabetical listing and а numerical listing. 


Current standards concerning engineering 
drawings and graphic symbols are; 
Date 


Number Title 


MIL-STD 100A Engineering drawing 

ргасИсеё..... 
Screw thread соп- 

ventions and methods 

of specifying ... 26 May 60 
Abbreviations for use 

on drawings and in 

technical type publica- 

tions ....... 15 June 68 


1 Oct 67 
MIL-STD 9A 


MIL-STD 12C 


MIL-STD-14A Architectural sym- 
bos ....... З бер 54 
MIL-STD-15 Electrical wiring equip- 
Part No. 2 ment symbols for ships 
plans part 2 ... 30 Oct 61 
MIL STD-15 Electrical wiring 
Part No. 3 symbols for architec- 
| tural and electrical 
layout drawings part 
......... 930 Осі 61 
MIL-STD-17B Mechanical symbols 23 Jan 63 
Part No. 1 
MIL-STD-17B . Mechanical symbols 
Part No. 2 for aeronautical, 
Change 1 aerospacecraft, and 
spacecraft use .. 23 Jan 63 
MIL-STD-18A Structural symbols 12 Aug 53 
MIL-STD-25A Ship structural symbols 
for use on ship draw- 
іпрв........ 15 Aug 69 
MIL-STD-806C (Use in lieu of MIL- 
STD-806B) Graphic 
symbols for logic 
diagrams. . . . . 11 Aug 65 
MIL-D-1000 Drawings, engineering 
and Associated 
Lists ....... 1 Маг 65 
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Number Title Date 


MIL-M-9868 Microfilming reproduc- 
tion and aperture card 
mounting .... о. . 26 Aug 69 


NOTE: This listing was selected for example 
purposes only. To ensure that you are referring 
to the correct standard, use the Index. 

A naval activity can obtain copies of these 
standards by writing to Naval Publications and 
Forms Center, 5801 Tabor Avenue, Philadelphia, 
Pa. 19120. All requests should state the title 
and identifying number, and may be submitted 
on DD Form 1425 (fig. 6-1), 

Many drawings continue in use for years. 
Therefore, you will have occasion to work with 
drawings which contain obsolete symbols. Also, 
architectural and engineering consulting firms 
which prepare drawings for the Navy have not 
always adhered closely to MIL-STD symbols. 
Look for a legend on the drawings; it should help 
you in the reading of any symbols with which 
you are not familar. If there is no legend, study 
the drawing carefully and you should be able 
to deduce the meaning of unfamiliar symbols 
and abbreviations. 

Additionally the Americal Society of Me- 
chanical Engineers have published USA Standards 
of particular interest to draftsmen. The following 
industry standardization document was adopted for 
mandatory use by the Department of Defense: 
graphic symbols for electrical and electronics 
diagrams USAS Y 32.2-1967. 


DRAWING SHEET SIZES 


In the Navy, engineering drawings are made 
in certain standard sizes, which are given in 
Military Standard Engineering Drawing Practices 
MIL-STD 100A, Each of these sizes is designated 
by а letter. The size of the sheet you use for 
each drawing will probably be governed by 
the command to which you are assigned. Table 
6-1 lists these sizes by letter. 


DRAWING SHEET FORMAT 


The drawing sheet format has been standard- 
ized, as well as the size. The distance between 
the border line which you draw and the actual 
cut line or margin of the finished drawing may 
vary а specified amount, depending on whether 
the drawing is to be bound, There is а specified 
place for the title block, the revision block, 
and the drawing number which is entered in the 


official records апа which is used in filing. 
The dimensions of the margins and the various 
blocks are specified in detail іп MIL-STD-100A, 
Figure 6-2 is typical of the drawings in MIL- 
STD-100A, In figure 6-2, the letters A through 
N refer to the following: 


A — Record information block 

B — Drawing title 

C — Design activity identification 

D — Design activity approval 

E — Approval by activity other than design 
activity 

F — Code identification number 

G— Drawing size 

H — Drawing number 


J — Scale 
K — Reference to a specification or report, 
etc. 


L — Multisheet numbers 
M — Dimension tolerance notes 
N — Material, finish, treatment, etc. 


On some drawings, it is necessary to add 
other elements to the format, such as a block 
for the description of material used (bill of 
material), or a usage block for identifying ele- 
ments in the drawing with other drawings con- 
taining these same elements by drawing numbers. 
There may also be a block for a complete material 
record or list and a block for listing physical 
properties. The security classification block 
should be included only on those drawings which 
are classified as Top Secret, Secret, or Con- 
fidential. The type and number of these special 
blocks depends on the purpose of the drawing. 
MIL-STD-100A lists the definitions and require- 
ments for many different types of engineering 
drawings and shows a sample drawing of each 


type. 


In some graphic shops, the drawing sheets 
are preprinted with the border line, the necessary 
blocks, and even some of the lettering. This 
saves the individual the time he would spend 
laying out the format of a sheet. In other places, 
each drawing is so different that it requires 
a different format, and the individual must lay- 
out the necessary format. 


LINE CONVENTIONS 
In drawing an object, A DM uses different 


types of lines to convey information. Line char- 
acteristics, such as width, breaks in the line, 
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Figure 6-1.— DD Form 1429. 
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Table 6-1. — Finished Format Sizes (Inches), 








ROLL SIZES 
SIZE Y Y Е 
(WIDTH) смавом)| PES. [cwiprH ов а MARGIN) 
ACHORIZ)| 8.50 | |.25&.38*| С 1 42 144 .38' 
ACVERT) 1! 8.50 |.254.38%| H 28 48 144 50 
B ГІ 17 .38 5 34 48 144 .50 
C 17 22 .50 K 40 48 144 .50 
D 22 34 .50 
Е 34 44 .50 
Е 28 40 .50 


* HORIZONTAL MARGINS .38-ІМСН. VERTICAL MARGIN .25-INCH, SEE FIGS. 1&2 
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«б 4 Z MARGIN 34% ш 
IZ I ` «О P, 
HR 5 145% 
„>= o O ОО, 
бок z| 2 ЕК ue 
G uo NOTE: Rounded corners ч ае 
2 < —— | 2 
~ 530 are optional on : <5 Sa 
a d | ra 
Soa all drawing forms. c D C 
тосе т 2 a0 
Л ш ч М 
ЕВЕ 7 ЕЕ: 
ЖЕ: > во о 
Ia ыр Z т = 
о. Ш < 2 Фо 


Y=FINISHED FORMAT LENGTH 


= 


142,41 
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REVISIONS 


КС DESCRIPTION DATE | APPROVED 


H— 3%9-----<өг24---І 
Қанас 5.50 


SECURITY NOTATION 
WHEN REQUIRED 


WHEN REQUIRED 


UNLESS OTHERWISE 
PECIFIED DIMENSIONS 
АВЕ IN INCHES TOLER- 
ANCES ON FRACTIONS 
О $ (м) 





"n i 
NEXT ASSY | USE ON M: ' | 
! 
© 4 
"ur 1.75 
10.50 4.25 
п ж-ж 
142,42 


Figure 6-2. — Horizontal format for A size drawings. 
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and zigzags, have means. Figure 6-3 shows 
the different types of lines which should be 
used on engineering drawings. 

The widths of the various lines usedin making 
a drawing are important in interpreting the draw- 
ing. MIL-STD-100A states that in drawings three 
widths of line should be used; thin, medium, and 
thick, The actual width of each type of line 
should be governed by the size and the style of 
the drawing. 

On pencil drawings, the width of lines cannot 
be controlled as well as can the width of lines 
drawn with pen and ink. However, pencil lines 
should be opaque and of uniform width through- 
out their length. Cutting plane and viewing plane 
lines should still be the thickest lines on the 
drawing. Lines used for outlines and other 
visible lines should be thick enough so that they 
can be differentiated from hidden, extension, 
dimension, or center lines. 


Center Lines 


Often the first lines a DM draws on his draw- 
ing sheet are the center lines of the views. Center 
lines are composed of long and short dashes, 
alternately and evenly spaced, with а long dash 
at each end. They should extend at least 1/4 
inch outside the object. At intersecting points 
center lines should be drawn as short dashes. 

Center lines are used to indicate the center 
of & circle or arc. Also they may be used to 
indicate the center of а symmetrical object 
(fig. 6-4). 


A very Short center line may be drawn as 
а single dash if there is no possibility of con- 
fusing it with other lines, Center lines may also 
be used to indicate the travel of а moving center. 


Visible Lines 


The visible edge lines of the views are drawn 
as solid, thick lines. These include not only the 
outlines or the view, but lines defining edges 
which are visible within the view, (See fig. 6-5.) 


Hidden Lines 


Hidden edge lines are drawn with short dashes 
and are used to show the hidden features of an 
object. A hidden line should begin with a dash in 
contact with the line from which it starts, except 


when it is the continuation of an unbroken line. 
( See fig. 6-6.) 


To prevent confusion in the interpretation 
of hidden edge lines, you must apply certain 
standard techniques in drawing these lines. А 
hidden edge line which is supposed to join a 
visible or another hidden line must actually 
contact the line, as shown in the upper views 
of figure 6-7; the incorrect procedure is shown 
in the lower views. 


Figure 6-8 shows an intersection between 
a hidden edge line and a visible edge line. 
Obviously, on the object itself the hidden edge 
line must be below the visible edge line. You 
indicate this face by drawing the hidden edge 
line as shown in the upper view of figure 6-8, 
If you drew it as indicated in the lower view, 
the hidden edge line would appear to be above, 
rather than beneath, the visible edge line. 


Figure 6-9 shows an intersection between 
two hidden edge lines, one of which is beneath 
the other on the object itself. You indicate 
this fact by drawing the lines as indicated in 
the upper view of figure 6-9. If you drew them 
as indicated in the lower view, the wrong line 
would appear to be uppermost. 


Extension Lines 


Extension lines are used to extend dimensions 
beyond the outline of a view so that they can be 
read easily. These thin, unbroken lines are 
started about 1/16 of an inch from the outline 
of the object and extend about 1/8 of ап inch 
beyond the outermost dimension line, They are 
drawn parrallel to each other and perpendicular 
to the distance to be shown. (See fig. 6-10.) 
Іп unusual cases extension lines may be drawn 
at other angles if their meaning is clear. 


AS far aspracticable, avoid drawing dimension 
lines directly to the outline of an object. When 
it is necessary for extension lines to cross 
each other, they should be broken, as shown in 
figure 6-11. 


Dimension Lines 


A dimension line, terminating at either end 
in a long, pointed arrowhead, is inserted between 
each pair of extension lines, It is а thin line, 
and except in structural drafting, it is usually 
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LINE STANDARDS 


ШЕЕ CONVENTION DESCRIPTION AND APPLICATION EXAMPLE 


THIN LINES MADE UP OF LONG 
AND SHORT DASHES ALTERNATELY 
SPACED AND CONSISTENT IN 


CENTER LENGTH 


LINES 


VISIBLE 
LINES 


USED TO INDICATE SYMMETRY 
ABOUT AN AXIS AND LOCATION 
OF CENTERS 


HEAVY UNBROKEN LINES 


USED TO INDICATE VISIBLE 
EDGES OF AN OBJECT 


THIN UNBROK EN LINES 


EX TENSION 
LINES 
USED TO INDICATE EXTENT 
OF DIMENSIONS 


THIN LINES TERMIMATED WITH 


DIMENSION ARROW HEADS AT EACH END 


LINES 
USED TO INDICATE DISTANCE 


MEASURED 





MEDIUM LINES WITH SHORT 
EVENL Y SPACED DASHES 
HIDDEN 
LINES 
USED TO INDICATE CONCEAL ED 
EDGES 


142.46.1 
Figure 6-3. — Line characteristics and conventions, 
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PHANTOM 
OR 
DATUM LINE 


CUTTING OR 
VIEWING 
PLANE 


VIEWING 
PLANE 
OP TIONAL 


CUTTING 
PLANE FOR 
COMPLEX OR 
OFF SET 
VIEWS 


NAME 
LEADER 
BREAK 
(LONG) 
BREAK 
(SHORT) 


DESCRIPTION AND APPLICATION EXAMPLE 


М X 20 UNC-28 
THIN LINE TERMINA TED WI TH ARROW- 
HEAD OR DOT AT ONE END 


USED TO INDICATE A PART, 
DIMENSION OR OTHER REFERENCE 


THIN SOLID RUL ED LINES WITH 
FREEHAND ZIG-ZAGS 


USED TO REDUCE SIZE OF DRAWING 
REQUIRED TO DELINEATE OBJECT AND 
REDUCE DETAIL 


THICK SOLID FREE HAND LINES 


USED TO INDICATE A SHORT BREAK 


MEDIUM SERIES OF: ONE LONG DASH AND 
TWO SHORT DASHES EVENL Y SPACED 
ENDING WI TH LONG DASH 


USED TO INDICAT € ALTERNATE POSITION 
OF PARTS, REPEATED DETAIL OR TO 
INDICATE A DATUM PLANE 


MEDIUM LINE OF SHORT DASHES EVENLY STITCH 


SPACED AND LABELED 


USED TO INDICATE STITCHING OR 
SEWING 


THICK SOLID LINES WITH ARROWHEAD 
TO INDICATE DIRECTION IN WHICH 
SECTION OR PLANE IS VIEWEDOR 
TAKEN 


WA VUA Y 


THICK SHORT DASHES 


USED TO SHOW OFFSET WITH ARROW- 
HEADS TO SHOW DIRECTION VIEWED 


142.46.2 


Figure 6-3. — Line characteristics and conventions — continued. 
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CORRECT 
г + 
| - 9 


| 
| 
ЕЕЕ 


INCORRECT 


Sr a < oa” 


| 
і 
| 
---- | 
| 
| 
| 


45.250 
Figure 6-7. — Correct and incorrect procedures 
for drawing adjoining hidden lines, 


broken to provide a space for the dimension 
numerals. Occasionally, when the radius of an 
arc is to be indicated, there is an arrow at only 
the end of the line which touches the arc, The 
other end, without an arrow, terminates at the 
point used as the center in drawing the arc. 





Figure 6-4, — Use of center lines, 45.145:.151 


CORRECT 
Figure 6-5, — Use of visible edge lines. 142,47 
INCORRECT 
HOLE OUTLINE 
45.251 
Figure 6-8, — Correct and incorrect procedures 
| 45.155 for drawing a hidden edge line which inter- 
Figure 6-6,— Use of hidden edge lines. sects a visible edge line. 
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CORRECT 
| 


upper line 


| low line 
| 
| 


INCORRECT 


45,252 

Figure 6-9,— Correct and incorrect procedures 

for drawing intersecting hidden edge lines 
which are on different levels. 


The arrowhead on a dimension or leader 
line is an important detail of a drawing. If 
these arrowheads are sloppily drawn and vary 
in size, the drawing will not look finished and 
professional. The size of the arrowhead used 
on a drawing may vary with the size of the draw- 
ing, but all arrowheads on a single drawing 
should be the same size, except occasionally 
when a space is very restricted. 


The arrowheads used on Navy drawings are 
usually solid, or filled in, and are between one- 


eighth and one-fourth of an inch long, with the 
length about three times the spread. (See fig. 


Pee LINE 
Ж 
Ж Ж 
МОТ APPROVED 
142,48 


Figure 6-10.— Use of extension lines. 





‚875 





APPROVED 


a 0 


NOT APPROVED 


r2 2 


NOT APPROVED 
45.154 
Figure 6-11.— Breaking extension lines and 
leaders at points of intersection. 


APPROVED 


6-12.) When many arrowheads of one size are 
to be drawn, it may save time to cut a template, 
or pattern, of the arrowhead іп a sheet of plastic. 

With a little practice, you can learn to make 
good arrowheads freehand. First, define the 
length of the arrowhead with a short stroke, as 
shown in figure 6-12а. Draw the sides of the 
arrowhead as shown in figure 6-12b and с. Then 
fill in the area enclosed by the lines, as shown 
in figure 6-12d. 


Leaders 


Leaders are used to connect numbers, refer- 
ences, or notes to the appropriate surfaces or 
lines on the drawing. From any suitable portion 
of the reference, note, or number a short line 
is drawn parallel to the lettering. From this 
line the remainder of the leader is drawn at 
an angle (Dog Leg) to an arrowhead or dot. 
In this way, the leader will not be confused 
with other lines of the drawing. If the reference 
is to & line, the leader is always terminated 
at this line with an arrowhead as shown in figure 


49.148 
Figure 6-12.— Method of drawing an arrowhead. 
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a METAL SURFACE 


METAL SURFACE 


Figure 6-13, — А leader. 45.147 


6-13. However, a reference to a surface ter- 
minates with a dot withint the outline of that 
surface. 


Break Lines 


Break lines may be used to save space when 
an extended part of an object has the same con- 
tinuous shape and size. For instance, they may 
be used when the details of a piping system are 
to be shown. Drawing space can be saved by 
* breaking? the line representing a pipe and 
leaving an unimportant part out of the drawing. 
Long break lines are drawn as thin, zigzag 
lines; short break lines are drawn as thick, 
wavy freehand lines. 

For drawings made to a large scale, special 
conventions are used that apply to drawing breaks 
in such things as metal rods, tubes, or bars. 
The methods of drawing these breaks are shown 
in figure 6-14, 


METAL ROD 


2) 


METAL TUBE 


[Lo dM LÀ 


METAL BAR 


= || 


WOOD 





45.150(65) 
Figure 6-14. — Special breaks, 


Phantom Lines 


Phantom lines are used to show the alterante 
position of movable parts or repeated details, 
or the position of some related part that is 
absent. (See fig. 6-15.) 


Viewing or Cutting Plane Lines 


Viewing plane lines are used to indicate 
the plane or planes from which a surface or 
several surfaces are viewed. 

Cutting plane lines are used to indicate a 
plane or planes in which a sectional view is 
taken. 

Section views are used to give a clearer 
view of the interior or hidden feature of an 
object which normally cannot be clearly observed 
in conventional outside views. | 

А section view is obtained by cutting away 
part of an object to show the shape and construc- 
tion at the cutting plane. 

notice the CUTTING PLANE LINE AA in 
figure 6-16А. It shows where the imaginary 
cut has been made. The single view in figure 
6-16B helps you to visualize the cutting plane. 
The arrows point in the direction in which you 
are to look at the sectional view. 

Figure 6-16C is a front view showing how 
the object would look if it were cut in half. 

The orthographic section view of section 
a-A, figure 6-16D, is placed on the drawing 
instead of the confusing front view in figure 
6-16А, Notice how much easier it is to read 
and understand. 

Note that hidden lines behind the plane of 
projection are omitted in the sectional view. 
These lines are omitted by general custom, 
the custom being based on the fact that the 
elimination of hidden lines is the basic reason 
for making a sectional view. However, lines 


EON 
| 





—— 


\\ 
Хы 
E: 


45.151 
Figure 6-15. — Use of phantom lines. 
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SECT. A-A 
D 


65.25 
Figure 6-16. — Action of a cutting plane. 


which would be visible behind the plane of 
projection must be included in the section view. 
Cutting plane lines, together with arrows 
and letters, make up the cutting plane indications. 
The arrows at the end of the cutting plane 
lines are used to indicate the direction in which 
the sections are viewed. The cutting plane may 
be a single continuous plane, or it may be offset 
if the detail can be shown to better advantage. 
On simple views, the cutting plane shall be 
indicated as shown in figure 6-16A, On large, 
complex views or when the cutting planes are 
offset, they should be shown as in figure 6-17. 

| АП Cutting plane indications should be iden- 
tified by the use of reference letters placed at 











SECTION А-А 


65.26 
Figure 6-17.— Offset section. 


the point of the arrowheads. Where a change in 
direction of the cutting plane is not clear, 
reference letters may also Бе placed at each 
change of direction. Where more than опе sec- 
tional view appears on a drawing, the cutting 
plane indications should be lettered alphabetically. 

The letters which are part of the cutting plane 
indication should always appear as part of the 
title; for example: ''SECTION A-A, SECTION 
B-B.'' If the single alphabetis exhausted, multi- 
ples of letters may be used. The word SECTION 
may be abbreviated, if desired. Place the title 
directly under the section drawing. 

Figure 6-18 shows an object whose internal 
Structure has been made clearer by projecting 
a section view. 

The section shown in figure 6-18 is called 
a “ТАП section," because the cutting plane 
passes entirely through the object and divides 
the object into two equal halves. Now, the object 
shown in figure 6-18 is a symmetrical object, 
meaning that one-half of the object is identical 
with the other. This being the case, you could 
have used а “һай section?" like the one il- 
lustrated in figure 6-19. By-passing two cutting 
planes at right angles to each other along the 
center lines or symmetrical axes, One-quarter 
of the object is considered removed and the 
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= 


Г 2 
21 


45.268 
Figure 6-18.— Internal structure shown more 
clearly by section view. 


interior exposed to view. Cutting plane indications 
and section titles are omitted. 

Note that you use the horizontal center line, 
rather than a visible line, to indicate the dividing 
line between the sectional and the unsectioned 
part of the section view. If you used a visible 
line, the line would indicate an edge which is 
nonexistent. 

A section which consists of less than a half 
section is called a ‘‘partial section.’’ A partial 
section is illustrated in figure 6-20. Note that 


ilm. 
7 


нин 
ЕЕ 





45.269 
Figure 6-19. — Half section. 


45.270 
Figure 6-20. — Partial or broken section. 


here you use a short break line to indicate the 
dividing line between the sectioned and the 
unsectioned part. For this reason, a partial 
section is often called a broken section. 


The lines drawn on a sectional surface al- 
ways serve to indicate the limits of the sectional 
or cutaway surface. 


On a normal multiview section view, diagonal 
hatching should be drawn at a 45-degree angle 
to the horizontal, as shown in figure 6-21(А), 
If two adjacent surfaces are shown, the hatching 
should be inclined in opposite directions, as 
shown in figure 6-21(В). If still a third surface 
is included, it should be hatched at an angle of 
30°, as shown in figure 6-21(C). 


Shafts, bolts, nuts, rods, rivets, keys, pins, 
and similar parts, whose axes lie in the cutting 
plane, shall not be sectioned. However, when a 
cutting plane passes at right angles to the axis 
of such parts, they shall be sectioned. 


Structural shapes, sheet metals, packing, 
gaskets, etc., too thin for section lining may be 
shown solid. Where shown solid and two or 
more thicknesses are shown, a space as narrow 
as possible shall be left between. (See fig. 6-22.) 


Section conventions shall пої cross dimensions 
or obscure other conventions. When necessary 
section lines are broken to accept the other con- 
ventions such as leader lines. Also section con- 
ventions may be shown along only the outline of 
large parts when clarity is not sacrificed. (See 
fig. 6-23.) 
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45.272 


Figure 6-21.-- Diagonal hatching on separate sectional surfaces shown іп normal position. 


142.364 
Figure 6-22. — Thin section. 








45.152 
Figure 6-23. — Outline section. 


Figure 6-24 shows line applications as they 
are actually employed in a drawing. 


DIMENSIONING 


Since an engineering drawing is made to be 
used in producing or constructing something, 
the dimensions on the drawing must be drawn 
and lettered accurately. In drawing extension 
and dimension lines and in lettering dimensions, 
keep in mind the man who has to read the draw- 
ing and make something from it. All the dimensions 
a workman will need should be included on the 
drawing. It should never be necessary for him 
to stop his work to make mathematical com- 
putations that should have been given to him. 


Placing Dimensions 


Place as many dimensions on the principal 
view as you can without crowding them. Dimen- 
sions of surfaces which show on the outlines of 
two views should be placed between these views. 
On views other than the principal view, show 
dimensions only for those features which do not 
have their true shape on the principal view. 
Dimensions should be placed outside the view 
whenever possible. If you can avoid it, do not 
dimension to hidden lines. 

Two systems are used in dimensioning. The 
rectangular system is shown in figure 6-25, 
and the angular system in figure 6-26, In the 
rectangular system, horizontal or vertical di- 
mension lines are drawn parallel to the distance 
to be dimensioned, with any necessary extension 
lines drawn perpendicular to that distance. In 
the angular system, the position of a point, line, 
or surface is shown by means of angles and 
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CENTER LINE 
DIMENSION LINE 


EXTENSION LINE | 6.26 HIDDEN LINE 


VIEWING PLANE 
LINE > 
B 


2 NS 
s= ар] ` == 
/ M, 
» CUTTING PLANE 
LINE 
і 


BREAK LINE 








VISIBLE LINE 


CENTER LINE 
(PATH OF MOTION) 


LEADER 





SECTION LINES 
PHANTOM LINE 


142,365 
Figure 6-24, — Applications of line conventions. 





142.51 
Figure 6-25.— Rectangular dimensioning. 
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142,52 
Figure 6-26. — Angular dimensioning. 


linear dimensions. Linear dimensions are drawn 
on an object at an angle other than 90°. 


When a number of distance that are side 
by side on a drawing are to be dimensioned, 
place the dimension lines and figures in line 
where space permits. (See fig. 6-27а.) 


Dimension lines should not cross other lines. 
The dimensions should be grouped with the 
smallest dimension closest to the outline of 
the view and the larger dimensions stepped 
out at equal distances. (See fig. 6-27b.) The 
normal custom is to place the dimension lines 
at intervals of 3/8-inch apart unless space 
limitations dictate a closer interval. In no case, 
however, should they be placed closer than 1/4- 
inch apart. When it is impossible to avoid draw- 
ing leader lines across a dimensions line, break 


4 





142,53 
Figure 6-27.--А, Placing dimensions. В, Stagger- 
ing dimensions. 


A B C 


Figure 6-28.— Methods of dimensioning a small 
Space. 45.146 


the leaders. Avoid crowding dimension lines, 
Where the space to be dimensioned is small: 


1. The dimension line with arrows may be 
drawn inside the space between extension lines 
and a line drawn leading to the figure outside. 
(See fig. 6-28a.) 

2. The figure may be placed in the space 
between extension lines, aligned with arrows 
pointed toward it from outside the lines, as 
shown in figure 6-28Ъ. 

3. The arrows may be trained on the space, 
which is left blank, and the dimension lettered 
at the end of one of the arrows. (See fig. 6-28c.) 


In the dimensioning of small circles, leaders 
are used as in figure 6-29. The abbreviation 
DIA should follow the diameter dimension unless 
it is clearly a dimension figure as shown by a 
dimension line drawn inside the circle at an 
angle to represent the diameter or by a note 
such as drill. 


In the dimensioning of larger circles, the 
rectangular system may be used; or a dimension 
line may be drawn as a Slanted diameter to the 


circle and an extension line exactly like a 
142.54 
Figure 6-29.— Leader used in dimensioning small 


circles, 
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142.55 
Figure 6-30. — Dimensioning arcs. 


leader, but without an arrow, drawn to the 
dimension numeral, as in figure 6-26, 


In the dimensioning of arcs of circles, a 
leader defining the radius is used, with its 
arrowhead terminating in contact with the arc. 
(See fig. 6-308. Оп large arcs, where the 
center of the circle would fall off the drawing, 
& long break, or zigzag, is drawn in the leader 
line, and the dimension is placed between the 
zigzag and the arrowhead. (See fig. 6-30b.) 
The letter R should always follow the dimensions 
of а radius. 


In the dimensioning of angles, the dimension 
lines are drawn as arcs. The position of the 


dimension figure will vary according to the 
size of the angle, ав shown in figure 6-31. 


| -— 
“ %» 


142,56 
Figure 6-31. — Dimensioning angles. 


Dimension Numerals 
and Letters 


It is important to leave enough space between 
letters and figures in order to prevent their 
becoming blurred when your drawing is re- 
produced to a smaller scale. Decimal points 
should be slightly heavier than the lines in 
the lettering and should be spaced carefully. 


All leters and numerals should be so placed 
on a drawing that they are easy to read without 
turning the drawing. On one drawing they may 
all be placed in a horizontal position. On a- 
nother, the vertical and angular dimensions may 
be placed in such a manner that they may be 
read from the right-hand side of the drawing. 
In any case the reader should be able to read 
the dimension from the bottom or right-hand 
side of the drawing. He should never have to 
read from the top or left-hand side of the 
drawing. 


Tolerance figures on mechanical drawings 
represent the amount a part can be allowed 
to vary within a dimension when the partis made, 
When no tolerance is given with the individual 
dimensions, there should be a general tolerance 
note on the drawing. When there is no general 
note, tolerance figures may be placed either 
just to the right or the dimension or directly 
beneath the dimension, The numerals are placed 
in а break in the line or, if the tolerance figure 
is below the dimension, the line may pass between 
them. 


There are several ways of indicating tolerance. 
with the UNILATERAL METHOD, the minimum 
or the maximum measurement is used as the 
dimension figure, and the difference allowable 
is given as а plus or minus tolerance figure. 
(See fig. 6-328.) In the BILATERAL METHOD, 
the dimension figure indicates the plus or minus 
variation acceptable, (See fig. 6-32b.) In the 
LIMIT DIMENSIONING METHOD, the maximum 
and minimum measurements are both stated. 
(See fig. 6-32c.) 


DIVIDING A LINE INTO PARTS 


With the dividers, а line may be divided 
into any number of equal parts. To divide AB 
in figure 6-33 into 10 equal parts, draw random 
line CB from B, аға convenient acute angle to 
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65.81 
Figure 6-32.-- Methods of indicating tolerance, 


АВ, Set a compass to a spread less than опе- 
tenth of the length of CB, and lay off this spread 
10 times from В on CB, Project point 10 оп 
CB to point A, Project the intermediate points 
of intersection on CB to AB by lines parallel to 
the line between the 10th point of intersection 
and A, The projected points of intersection divide 
AB into 10 equal parts. 

Figure 6-34 shows how you сап use a scale 
or convenient size to lay off the equal intervals 
on the random line. 

Figure 6-35 illustrates a method of dividing 
a line into parts bearing a given proportion, 
The problem here is to divide the line AB into 
parts which are proportional as 2:3:4. Lay off 
a random line CB from B, at a convenient acute 
angle to AB; set a compass to a convenient 
spread, and lay off this spread on CB a number 
of times equal to the sum of the figure in the 
proportion. This sum is 9 (2 + 3 +4), Usea 
straightedge and sliding triangle to project the 
2nd and the 5th intercepts on CB to AB by lines 
parallel to 9A, These projected intercepts divide 
AB into segments which are proportional as 
2:3:4. Here again you could use a scale of con- 
venient size to lay off the equal intervals on CB, 





Figure 6-33. — Dividing a line into any number of equal parts. 23.228 
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Figure 6-34, — Using a scale to lay off equal intervals оп random line, 45.167 
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45.168 


Figure 6-35. — Dividing a line into proportional parts. 


You may be required to divide a line into 
parts in such a manner that the ratio between 
the whole line and one of its segments is the 
same as that between two other lines. A solution 
to this problem is illustrated in figure 6-36. 
Here it is required that AB be divided so that 
the ratio between AB and a segment of AB is 
the same as the ratio between CD and EF. 
From A draw a random line AG, at a convenient 
acute angle to A, and lay off AH equal to EF and 
АТ equal to CD, Use a straightedge and sliding 
triangle to project H to AB on a line parallel to 
the line from I to В, The ratio of AB to AJ is 
the same as the ratio of CD to EF—that is, 
(AB:AJ):(CD:EF). 


In general when dividing a line into parts 
draw the random line approximately equal to 
the line to be divided and at the smallest acute 
angle possible. This practice will keep the 
projectors to the original line nearly рег- 





Е------ 


Figure 6-36,— Dividing а line into parts with а 
given ratio. 45.169 


pendicular and therefore help to maintain better 
accuracy in dividing the original line. 


CONSTRUCTIONS INVOLVING 
PLANE FIGURES 


To draw a triangle with three sides given, 
draw a straight line AB, equal in length to one 
of the given sides. With A as a center, strike 
an arc with radius equal to the given length of 


C 





A С 


Figure 6-37,— Constructing а triangle with three 
sides given. 142,366 
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45.170 
Figure 6-38. — Constructing a right triangle with 
hypotenuse and one of the other sides given, 


the second side; with B as a center, strike an 
intersecting arc with radius equal to the length 
of the third side. Draw lines from A and B to the 
point of intersection of the arcs. (See fig. 6-37.) 

Figure 6-38 illustrates a method of drawing 
a right triangle when the hypotenuse and one of 
the other sides are given. The line labeled H 
in the figure is the given hypotenuse; the line 
labeled S is the given shorter side. To construct 
the triangle, draw AB equal to H, Locate the 
center of AB, by bisecting AB, and with one- 
half of AB as а radius, draw а semicircle around 
AB as shown, Set the compass to the length of 
S and with A ава center strike an arc inter- 
secting the semicircle at С. Draw AC and CB. 





23.240.1А 
Figure 6-39. — Equilateral triangle with length of 
side given. 


23.240.1B 
Figure 6-40.— Equilateral triangle in given cir- 
cumscribed circle. 


To construct an equilateral triangle when 
the length of a side is given, you can follow the 
method previously described for constructing 
a triangle when the length of each side is given. 
As you know, the sides of an equilateral tri- 
angle are equal in length. 

You also know that in an equilateral triangle 
each of the angles measures 60°, You can apply 
this fact to the problem of constructing an 
equilateral triangle when the length of a side 
is given by following the procedure illustrated in 
figure 6-39, Draw one side, AB, to the correct 
given length, and use a straightedge and a sliding 
30-60 degree triangle to erect lines from A and 


23.240.1С 


Figure 6-41. — Equilateral triangle on given in- 


scribed circle; one method, 
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В at 60° to АВ, Remember that the angles of 
any triangle equal 180 Gegrees when added to- 
gether. 

A circumscribed plane figure is one which 
encloses another figure. If a triangle (for ex- 
ample) encloses a circle, the triangle is cir- 
cumscribed; but if the circle encloses the ігі- 
angle, the circle is circumscribed. To be 
circumscribed in the true sense, the circum- 
scribed figure must be in contact, all the way 
around, with the outlying points of the enclosed 
figure, A plane figure which is enclosed by a 
circumscribed figure is called an inscribed 
figure. 


Figure 6-40 shows you how to draw an equi- 
lateral triangle within & given circumscribed 
circle. Draw а vertical center line through the 
circle, intersecting the circumference at A and 
B. With B as a center and the radius of the circle 
as a radius strike arcs intersecting the cir- 
cumference at C and D, A, C, and D now divide 
the circle into 3 equal arcs. Lines connecting 
A, C, and D will form an equilateral triangle. 
If you desire to have the triangle inverted 
(pointing down instead of up), use A as a center 
for striking the arcs, and connect the arc inter- 
cepts with B. 

Figure 6-41 illustrates one method of cir- 
cumscribing an equilateral triangle on a given 
inscribed circle, Draw AB parallel to the hori- 
zontal center line of the circle and tangent. 
to the circumference. Then use а straightedge 
and sliding 30-60 degree triangle, as illustrated 





23.240.1D 
Figure 6-42.— Equilateral triangle on given in- 
Scribed circle: another method. 


A B 


45.171.2 
Figure 6-43, — Constructing а square by use of 
diagonals. 


in figure 6-39, to draw АС and CB, tangent to 
the circumference of the circle and at 60? to 
AB. 


Another method of circumscribing an equi- 
lateral triangle оп а given inscribed circle is 
shown in figure 6-42. Divide the circumference 
of the circle into three equal arcs, as shown in 
figure 6-40. Another way to do this is to draw 
two radii, OC and OB, at 30? from the horizontal 
center line ав shown in figure 6-42. The third 
intercept is the vertical center line intercept 
at A. You now have three radii: OA, OC, and 
ОВ. Draw each side os thr triangle tangent to 
the circumference of the circle and perpendicular 
to the relevant radius. 

To construct a rectangle with given length 
and width, draw а horizontal line AB with the 





45.172 
Figure 6-44. — Square with given length of 
diagonal, 
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45.173 
Figure 6-45. — Square in given circumscribed 
circle, 


T-square, equal to the given length. With T- 
square and triangle, erect perpendicualrs from 
A and B, equal to the given width; and connect 
the ends of the perpendiculars. 

You can construct а square with а given 
length of side by the method described for 
constructing & rectangel. Another method is 
illustrated in figure 6-43. Draw а horizontal 
lne AB with the T-square, equal to the given 
length of side. With the T-square and а 45- 
degree triangle, draw diagonals from А and B 
at 45% Erect perpendiculars from A and В, 
intersecting the diagonals, and connect the points 
of intersection. 

Figure 6-44 illustrates а method of con- 
Structing & square with a given length of diagonal. 


Үү 
э, 


Figure 6-46. — Square on given inscribed circle. 


Draw a horizontal line AB, equal in length to the 
given length of diagonal; let his be one diagonal 
of the square. Locate O, at the center of AB, 
and lay off CD through O, perpendicular to and 
slightly longer than AB, Use a T-square and 
45-degree triangle to draw AF and EB at 459 
to AB, Connect AE and FB, 

Figure 6-45 shows a method of drawing a 
square in a given circumscribed circle, Draw 
the diameters AB and CD at right angles to 
each other, and connect the points where the 
diameters intercept the circumference of the 
circle. 

Figure 6-46 illustrates a method of circum- 
Scribing а square оп а given inscribed circle, 
Draw the diameters AB and CD ас right angles 
to each other. Then draw each side of the square 
tangent to the point where a diameter intersects 
the circumference of the circle, апа perpen- 
dicular to the diameter. 

А 9O-sided polygon is called a pentagon, а 
6-sided polygon a hexagon, a 7-sided polygon a 
heptagon, and an 8-sided ploygon an octagon. 
There are names for polygons with more than 
8 sides, but you seldom deal with any of these 
and their names are not important, 

You can draw any regular polygon in a given 
circle by trial-and-error with compass or divid- 
ers, aS illustrated in figure 6-47, To draw а 
9-sided regular polygon in а given circum- 
scribed circle, draw the circle, divide the cir- 
cumference by trial-and-error with the compass 
or dividers into 9 equal segments, and connect 
the points of intersection. To get a trial spread 
to start with, compute the circumference of the 





45.175 
Figure 6-47. — Any regular polygon by trial-and- 
error with compass or dividers, 
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45.176 
Figure 6-48, — Any regular polygon with given 
length of side, 


circle (С = ті ог С-т2г) anddivideitby9. 
Suppose for example, that the diameter of the 
circle shown in figure 6-47 is 4 in. The cir- 
cumference is (4 x 3,14), ог 12,56 in. Опе- 
ninth of this is just a shade less than 1.4 in. 
Set your compass to this on the 10 scale of 
your chain scale, and use that as your first 
trial spread, 

Figure 6-48 illustrates a method of drawing 
any regular polygon with a given length of side. 
To draw a 9-в14еа regular polygon with length 
of side equal to AB, first extend AB to C, making 
CA equal to AB. With A as a center and AB 


EOM S 


0 


45.177 
Figure 6-49. — Regular pentagon. 


ым 


45.178 
Figure 6-50. — Regular hexagon in given circum- 
scribed circle: radius method. 


(ог СА) ав a radius, draw a semicircle ав 
shown. Divide the semicircle into 9 equal seg- 
ments from C to B, and draw radi from A to 
the points of intersection. The radius А2 is & 
second side of the polygon. 


Draw a circle through points A, B, and D. 
You do this by erecting perpendicular bisectors 
from DA and AB; the point of intersection of 
the bisectors is the center of the circle. 

This circle is the circumscribed circle of 
the polygon. To draw the remaining sides of 


A 


O 
SZ 


Figure 6-51. — Regular hexagon in given circum- 
scribed circle; triangle method. 
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the polygon, extend the radii from the semi- 
circle as shown, and connect the points where 
these radii intersect the circumscribed circle. 

Besides the methods described for drawing 
any regular polygon there are particular methods 
for drawing a regular pentagon, hexagon, or 
octagon. 


Figure 6-49 illustrates a method of drawing 
a regular pentagon in a given circumscribed 
circle, First draw a horizontal diameter AB 
and а vertical diameterCD. Locate E, the mid- 
point of the radius OB. Set a compass to the 
spread between E and C, and with E as a center 
strike the arc СЕ, Set the compass to the 
spread between C and F, and with C as a center 
strike the arc GF, The straight line а to C is 
one side of the pentagon. Set the compass to the 
length of GC, lay off this spread from C around 
the circle, and connect the points of intersection. 

A great many bolt heads and nuts are hex- 
agonal (6-sided) in shape; you will therefore be 
often required to draw a regular hexagon. 


Figure 6-50 illustrates a radius method of 
drawing a regular hexagon when the circum- 
scribed circle is given. The diameter of the cir- 
cumscribed circle has the same length as the 
long diameter of the hexagon. The radius of the 
circumscribed circle (or one-half the long dia- 
meter of the hexagon) is equal in length to the 
length of a side. Lay off the horizontal diameter 
AB, set a compass to one-half of this or OB, 
lay off this spread all the way around the circle, 
and connect the points of intersection. 





| 45,180 
Figure 6-52. — Regular hexagon on given inscribed 
circle. 





45.181 
Figure 6-53. — Regular octagonin given circum- 
scribed circle. 


Figure 6-51 illustrates the triangle method 
of drawing a regular hexagon in a given circum- 
Scribed circle. Draw the vertical diameter AB, 
and use a T-square and 30-60 degree triangle 
to draw BC to 30? to the horizontal. Set а com- 
pass to BC, lay off this spread around the 
circle, and connect the points of intersection. 

Figure 6-52 shows а method of drawing a 
regular hexagon around a given inscribed circle. 
Draw the horizontal diameter AB and the vertical 
center line as shown. Draw perpendiculars to 
AB at A and В, tangent to the circle. Use а Т- 
square and 30-60 degree triangle to draw lines 





45.182 
Figure 6-54, — Regular octagon on given inscribed 
circle. 
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at 30° to the horizontal between the perpendiculars 
and the vertical center line, tangent to the circle. 

Figure 6-53 shows a method of drawing an 
octagon in a given circumscribed circle. Draw 
the horizontal diameter AB and the vertical 
diameter CD. Use the Т-вацаге and 45-degree 
triangle to draw additional diameters EF and 
GH at 45° to the horizontal. Connect the points 
where the diameters intersect the circle. 


Figure 6-54 shows a method of draw- 
ing an octagon around a given inscribed 


circle. Draw the horizontal diameter AB 
and the vertical diameter CD. Draw per- 
pendiculars at A, В, С, D, tangent to the 


circle. Then use а T-square and triangle 
to draw lines at 45° to the horizontal, 
tangent to the circle and intersecting the 
perpendiculars. 
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CHAPTER 7 
PROJECTIONS 


The world we live in is three dimensional, 
Every object regardless of size has length, 
width, and depth. However, the DM must make 
representations of objects on paper, which is 
a flat two-dimensional plane. This flat plane is 
known as the plane of projection. To represent 
the object on the paper or plane or projection, 
lines of sight (called projectors) are extended 
from the eye of the observer through lines and 
points on the object to the plane of projection, 
This type of projection is illustrated in figure 
7-1 and is known as perspective projection, 
Notice that lines of sight or projectors converge 
at a single central point-the eye of the observer. 

You can see that the projected view of the 
object varies considerably in size, according 
to the relative positions of the object and the 
plane of projection, It would also vary with the 
distance between these two, and with the dis- 
tance between the observer and the object and 
between the observer and the plane of pro- 
jection, For these and other reasons, perspective 
projection is seldom used for the projection of 
technical drawings. 


If the observer were located an infinite dis- 
tance away from the object and its plane of 
projection, the projectors, instead of converging 
together to a point, would be parallel to each 
other. For reasons of convenience, this is pre- 
sumed to be the case for most technical drawing. 
Figure 7-2 illustrates parallel projection. You 
can see that, if the projectors are perpendicular 
to the plane of projection the drawn figure will 
have the same dimensions as the object, re- 
gardless of the relative positions of the object 
and the plane of projection, and regardless of 
the distance of the observer. 


The two types of projection - parallel and 
perspective - are classified into many subtypes, 
(See figure 7-3.) Those subtypes that are used 
by naval personnel will be discussed in this 
chapter, 





PROJECTORS 


EYE 





45,224 
Figure 7-1.-- Perspective projection, 


ORTHOGRAPHIC PROJECTION 


When an object is viewed through a plane of 
projection from a point at infinity an accurate 
outline of the visible face of the object is obtained. 
However, the projection of one face usually will 
not provide an overall description of the object; 
other planes of projection must be used, Establish- 
ing an object's true height, width, and depth re- 
quires front, top, and side views which may be 
called the principle planes of projection. Pro- 
jecting these essential multiview planes into a 
single plane is known as orthographic projection. 

Figure 7-4 shows the three principal multi- 
view planes of projection, known ав ће vertical, 
horizontal, and profile planes. As you can see, 
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they intersect each other at right angles. The 
angles between the horizontal and the vertical 
planes are called the first, second, third, and 
fourth angles, as indicated in the figure, 


FIRST-ANGLE PROJECTION 


You could place the object to be projected 
in any one of the four angles, For technical 
reasons, second-angle and fourth-angle pro- 
jections are not used, First-angle projection 
is used in most European countries, but not 
used much in the United States. Figure 7-5 
shows a cube place for first-angle projection. 
The cube is supposed to be fronting toward 
the vertical plane of projection. AS you can 
see, you get a front view on the vertical plane, 
a left-side view on the profile plane, and a 
top view on the horizontal plane, 





Now, to put these views on a sheet of drawing 
paper, you must get them all into the same 
plane. You presume that the vertical plane of 
projection is already in the plane of the paper. 

45,225 То get the other two views into the same plane, 
Figure 7-2,— Parallel projection, you rotate the profile plane counterclockwise 





PROJECTIONS 


PARALLEL PERSPECTIVE 


OBLIQUE ORTHOGRAPHIC | POINT 2 POINT 3 POINT 
CAVALIER CABINET ISOMETRIC MULTIVIEW 


142,369 
Figure 7-3. — Projections. 
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45.236 


Figure 7-4. — Multiview planes of projection, 


and the horizontal plane clockwise. The pro- 
jection now appears as shown in figure 7-6. 


This first-angle projection arrangement of 
views is considered satisfactory in most European 
drafting practice. In the U. 5, it is considered 
illogical, because the top view is below the 
front view; because the right side of the object, 
as shown іп the front view, is toward the left- 
side view of the object; and because the bottom 
of the object, as shown in the front view,is 





FRONT VIEW 


-~ LEFT SIDE 
| МЕМ 


45.237 
Figure 7-5. — First-angle projection of а cube, 





toward the top view of the object, For these 
and other reasons, first-angle projection is not 
used much in the U, S, 


THIRD-ANGLE PROJECTION 


Figure 7-7 shows a third-angle projection 
of a cube, Ав you can see, you get a front view 
on the vertical plane, a top view onthe horizontal 
plane, and a right side view on the profile plane. 

Again you assume that the vertical plane is 
already in the plane of your drawing paper. To 


LEFT SIDE RIGHT SIDE 
OF CUBE OF CUBE 


45.238 
Figure 7-6. — First-angle projection brought into 
a single plane. 
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45.239 


Figure 7-7, — Third-angle projection of a cube, 


get the other two into the same plane, you rotate 
them both clockwise, The projection now appears 
as shown in figure 7-8, The top view is above 
the front view; the right side of the cube, as 
shown in the front view, is toward the right 
side view; and the top, as shown in the front 
view, is toward the top view. 


Figure 7-9 illustrates the basic principles 
of the method by which you would actually make 
the projection shown in figure 7-8. Draw a 
horizontal line AB and a vertical line CD, 


RIGHT SIDE 
OF CUBE 





45.240 
Figure 7-8, — Third-angle projection brought into 
a Single plane. 


intersecting at O, AB representsthe joint between 
the horizontal and the vertical plane; CD re- 
presents the joint between these two and the profile 
plane, Draw the front view, and the ; profile 
plane, Draw the front view, and project it upward 
with vertical projectors to draw the top view. 
Project the top view to CD with horizontal 
projectors. With O as a center, use a compass 
to extend these projectors to AB, Draw the right 





45.241 
Figure 7-9. — Method of making a third-angle 
projection. 
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side by extending the projectors from AB verti- 
cally downward, and by projecting the right side 
of the front view horizontally to the right, 

Many DMs prefer to extend the top view pro- 
jectors to the right side view by one ofthe 
methods illustrated in figure 7-10. In figure 
7-10 (A) the projectors are extended from CD 
to AB by lines drawn at 45? to AB, Infigure 
7-10 (B) the line OE is drawn at 45?to AB, 
and the top view projectors are extended hori- 
zontally to OE and then vertically downward, 


Arrangement of Views 


The projection shown in figure 7-9 and 7-10 
is a three-view multiview projection, showing 
3 surfaces of the сире, А cube has 6 surfaces, 
however, and all 6 can be shown in a multiview 
projection, ТесһпісаПу speaking, there are still 
only 3 planes of projection, but for a back view, 
(for example), the vertical plane is presumed to 


C 








в 0 


be moved to a position between the observer and 
the back surface of the block. Actually, this 
amounts to the assumption that there are 6, 
rather than only 3, planes of projection: the 
front and back planes (both of which are vertical), 
the top and bottom planes (both of which are 
horizontal), and the right and left side planes 
(which are perpendicular to the other two pairs 
of planes). 

If only the front, top, and right side views 
are shown, the standard American arrangement 
of views is the third-angle arrangement shown 
in figure 7-9 and 7-10. If a left side, bottom 
and back view are shown as well, the American 
standard arrangement is that illustrated in figure 
1-11. 

However, the rear view тау Бе shown ав if 
it were hinged to the right profile plane, or 
to the top or bottom planes, as well as to the 
left profile plane. 

In architectural drawings, a top view is 
called a plan, and a front, back or side view 
an elevation, A top view of a house, for instance, 
is a plan; a floor plan shows a top view of the 
house as it would look if it were cut away at 
the level of the particular floor, A front view 
of a house is a front elevation, a back view is 
a rear elevation, and a right side view isa 
right side elevation, The terms plan and elevation 
apply principally to architectural drawings, but 
they are often applied to drawings of other than 
architectural objects. 


Spacing Views 


Views should be spaced on the paper in such 
a manner to give the appearance of a balanced 
drawing. Figure 7-12 shows two-view drawings 
properly spaced on size А (8 1/2'' x 11"), size 
С (17" x 22"), or size Е (34'' x 44") drawing 
paper. Marginal distances should be equal as 
indicated; distance B should be equal to, or 
slightly less than, distance A, 

An easy way to determine the length of 
distance A in the upper drawing shown in figure 
7-12 is as follows, Set a compass to the length 
plus the thickness of the object and lay off this 
distance from one end of one of the horizontal 
margins of the drawing. One-third of the length 
of the remaining segment of the margin is the 
length of distance А, To determine the length 
of distance C in the same drawing, seta compass 
to the width of the object and lay off this distance 
from one end of one of the vertical margins 
of the drawing. One-half of the length of the re- 


Figure 1-10. — Alternate methods of extendingtop maining segment of the margin is the length 


view projectors, 


45.242 of distance C, 
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BOTTOM 
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45,243 


Figure 7-11. — American standard arrangement of views іп 6-view third-angle multiview projection. 


Proper spacing of a three-view drawing is 
shown in figure 7-13. Ав you can see, the 
principle is the same as the applied in spacing 
a two-view drawing. Distances are again equal 
as indicated, with distance B equal to, or slightly 
less than, distance A, and distance D equal to, 
or slightly less than distance C, 

While the spacing of views in figure 7-13 
is technically correct, the drawing has an un- 
balanced appearance, because of the large area 
of empty space in the upper right corner, and 
because the right side view crowds the title block. 
If the drawing will contain а sizeable bill of 
materials in the upper right corner, this spacing 
will be satisfactory. If not, it should be im- 
proved, if possible, 

If the object is one which allows an arbitrary 
choice with regard to the designation of surfaces 
as top, front, and so on, the spacing can be 
improved by changing the designation shown in 
figure 7-13, and projecting the object as shown 
in figure 7-14. What appears as the top in figure 


7-18 you can now call the front; it follows that 
what appears as the front in figure 7-13 appears 
as the bottom in figure 7-14. Again the right 
side view appears, but it now appears in the 
upper rather than the lower right corner, and 
vertically rather than horizontally. 


Spacing views in a drawing of a circular 
object is like spacing letters — you try to equal- 
ize the areas of the spaces around and between 
the views, Figure 7-15 shows properly spaced 
two-view drawings of a perforated disk. For 
the views which are horizontally in line, you 
locate the horizontal center line midway between 
the horizontal margins; for the views which are 
vertically in line, you locate it midway between 
the vertical margins, The other spacing is as 
indicated, To determine the lengths of distances 
A and 2/8 A set a compass to the diameter 
plus the thickness of the disk, and lay off this 
distance on the margin, Then divide the remain- 
ing segment of the margin into three intervals, 
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45,246 
Figure 7-12,— Proper spacing of views on a 2- 
view projection. 


two of them being equal, and the third one and 
one-half times as long as each of the others, 


View Analysis 


You must be able to analyze a multiview 
projection— meaning, to determine what each 
line in a particular view represents, In this 
connection, it is helpful to remember that in a 
third-angle projection the plane of projection 
is always presumed to be between the object 
and the observer, regardless of which view 
you are considering. This means that, in a 
third-angle projection, each view of a surface 
of an object is a view of that surface as it 
brun appear to an observer looking directly 
at it. 

Figure 7-16 shows a 6-view multiview third- 
angle projection of the block shown in a single 


view projection in the upper left corner of the 
figure. You should not have any trouble analyzing 
the front view; you know that the top is up, the 
bottom is down, the left side is to the left, and 
the right side is to the right. 

In the top and bottom views it's easy to see 
that the right-hand vertical line represents the 
right side and the left-hand vertical line the left 
side, But you might have to think a minute to 
realize that the upper horizontal line in the top 
view represents the back face of the block, 
while the upper horizontal line in the bottom 
view represents the front face of the block. 
Note, also, that there is a line which appears 
as a visible line in the top view and as a hidden 
line in the bottom view. 

In the right side and left side views, you 
can readily see that the upper horizontal line 
represents the top of the block and the lower 
horizontal line the bottom. But you may have 
to think a minute to realize that the left-hand 
vertical line in the right-side view represents 
the front face of the block, while the left-hand 
vertical line in the left side view represents 
the back face. Again there is a line which 
appears as a visible line in the right side 
view and as a hidden line in the left side view. 

In the back view the block is shown reversed, 
so that the cut-away part which appears to the 
right in the front view appears to the left in 
the back view, Similarly, the right-hand vertical 
line in the front view represents the right side 
of the block, while the corresponding line in the 
back view represents the left side. 


As a general observation, it is helpful in 
view analysis to note that in the top, bottom, 
and side views the line which represents the 
front face of the block faces toward the front 
view of the block, Similarly, in the back view 
the line which represents the left side faces 
toward the left side view of the block, АП this 
applies to third-angle projection only. 


CORNER POINT NUM BERING, — A point which 
constitutes a corner on anobject may be numbered, 
to facilitate interpretation of drawings of the 
object. A corner point may be hidden or visible 
in a particular view of the object. See figure 
7-17, for example. In the upper left corner of 
this figure there is a single view projection of 
a block, You can see that point 2 on this block 
would be visible in a top, back, or left side 
view of the block, but hidden in a bottom, front, 
or right side view, 
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Figure 7-13, — Proper spacing of views on a 3-view projection. 45.247 





45.248 
Figure 7-14. — Improved spacing for 3-view projection of object shown in figure. 
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Figure 7-15, — Spacing of views of a circular ob- 


ject. 45.249 


The rule for corner-point numbering is that 
for a point which appears as a hidden point the 
number is placed inside the outline, while for 
a point which appears as a visible point, it is 
placed outside the outline, You can see how 
the rule has been followed in the 6-view pro- 
jection shown in figure 7-17. 


CHOICE OF VIEWS, — А multiview projection 
should contain only as many views as are re- 
quired to describe the object fully. If you refer 
back to figure 7-16, you can see at once that 
the back view does not convey any information 
which is not available in the front view; the 
back view is therefore superfluous and should 
be omitted, The same applies to the bottom view, 
which conveys no information not available in the 
top view. Likewise, the left side view conveys no 
information not available in the right side view. 

You have the choice of omitting either the top 
or bottom view and either the right side or left 


side view. One general rule in this instance 
is that a top view is preferable to a bottom view 
and a right side view to a left side view; another 
rule is that a view with a visible line is prefer- 
able to a view with the same line shown as a 
hidden line, Both rules apply here to eliminate 
the bottom and the left side views, All you need 
here is a three-view projection, showing the 
top, front, and right side views, 


It is often the case that a two-view projection 
is all that is required. Figure 7-18 (A) shows a 
single view projection of a board. It is obvious 
that a top view of this object tells you everything 
you need to know except the thickness; a right 
side view tells you everything you need to know 
except the length; and a front view tells you 
everything you need to know except the width, 
All you need to do, then is to select a particular 
view and couple it with another view which gives 
you the dimension which is missing in the first 
view, There are three possible two-dimension 
projections of the board, illustrated in (A), (B), 
and (С). In the selection of one of these three, 
everything else being equal, the balance of the 


drawing would be the deciding factor. Either 


(A) or (B) appears better balanced than (C), 


and between (A) and (B), (A) would look better 


on а long oblong sheet of paper and (B) better 
on a shorter oblong sheet. 


The object shown in figure 7-18 has a definite- 
ly designated top and front; it follows that the 
right and left sides are alsodefinitely designated. 
This is the case with many objects; you have no 
choice, for example, with regard to the top, 
bottom, front, and back of a house, Many objects, 
however, have no definite top or bottom, or front 
or back— many types of machine parts, for 
example. With an object of this kind, you can 
select a surface and call it the front, select 
another and call it the top, according to con- 
venience, However, it is a general rule that an 
object should be shown in the position it cus- 
tomarily occupies. Suppose that the board shown 
in figure 7-18 is a floor board. Then the top 
would be as indicated in the figure. If it were 
а wall board, however, one of the long narrow 
edges would be the top, and one of the wide faces 
would be the front. 


One-view drawings are permissable for ob- 
jects where one view and such features as thick- 
ness or length, stated as a dimension or note, 
can completely define the object. 
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Figure 7-16. — Multiview view analysis. 
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45,253 
Figure 7-17. — Procedure for numbering hidden 
and visible corner points. 





Circles 


In a multiview projection, a circle on a 
surface which is parallel to the plane of pro- 
jection will project as a circle. One on a sur- 
face which is oblique to the plane of projection 
will project as an ellipse, as shown in figure 
7-19, The upper view of this figure is a top 
view of a wedge-shaped block, the block having 
a circular hole bored through it perpendicular 
to the inclined face. The outline of this hole on 
the front face of the block projects as an ellipse 
in the front view of the block. You get the minor 
axis of the ellipse by projecting downward, as 
shown, The length of the major axis is equal 
to the length of the diameter of the hole, 


There is another ellipse in the front view: 
the partly hidden and partly visible outline of 
the hole as it emerges through the back of the 
block. This outline, too, is elliptical, because 
the hole, though it is circular, is bored obliquely 
to the back surface of the block, Since the vertical 
plane is parallel to the back surface of the object, 
this outline gives the true shape of the hole as 
it emerges from the back of the block, You get 
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TOP VIEW 
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FRONT VIEW 


FRONT VIEW RIGHT SIDE VIEW 


45.245 
Figure 7-18. — Two-view multiview projections. 


©) 


the major axis for this ellipse by projecting length of AO, and with O as a center, strike 
downward, as shown, The length of theminoraxis ап arc intersecting OC (extended) at Е. Draw 
18 the Same ав the length of the diameter of the the straight line AC, set the compass to the 
circular hole, length of EC, and with C as a center, strike 
an arc intersecting AC at F. Draw а perpen- 
dicular bisector from AF, intersecting AO at 
С and OD at Н, Lay off ОЈ equal to GO and OI 
equal to OH, With H as a center, draw a circular 
. А method of drawing an approximate ellipse arc through C, and with I as a center draw а 
18 illustrated in figure 7-20. The major axis is circular arc through D. With С as a center, 

B, the minor axis CD, Set a compass tothe draw a circular arc through А, and with J as a 


To draw these ellipses you may construct 
an approximate ellipse, which can be quickly 
and easily drawn with а compass, 
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center draw a circular arc through В, These 
ТОР WEN arcs will connect to form an approximate ellipse, 
as shown, 


Normal and Oblique Lines 


A normal line in a multiview projection 18 
one which is parallel to two of the planes of 
projection and perpendicular to the third, A 
line which is parallel to a plane of projection 
wil appear on that plane in its true length 
(which may, of course, be scaled up or down 
for a drawing which is other than full-scale). 
A line which is perpendicular to а plane of 
projection will appear on that plane as a point. 

A line which is perpendicular to one plane 
of projection must be parallel to the other two. 
But a line which is parallel to one plane of 
projection may be oblique to one or both of 
the others, Such a line will appear in its true 
length in a view on the plane to which it is 
parallel, but will appear foreshortened in а 
view on a plane to which it is oblique. A line 
may, of course, be oblique to all three planes 
of projection, in which case it will appear 
foreshortened in all regular views of the object. 

Consider figure 7-21, for example. In the 

45.256 upper left corner there is a single view projection 
Figure 7-19. — А circle on a surface oblique to of a block. This block is placed with its front 
the plane of projection projects as an ellipse. 
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28,245 45,254 
Figure 7-20. — Method of drawing an approximate Figure 7-21, — Foreshortening of a line in a 
ellipse with a compass, mulitiview projection, 
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parallel to the vertical plane, bottom parallel 
to the horizontal plane, and right side parallel 
to the profile plane. Then the line AB is parallel 
to the vertical plane, but oblique to both the 
horizontal and the profile planes, In the multi- 
view projections shown in the same figure, you 
can see that it is only in the front and the back 
views (which are views on the vertical plane, 
to which AB is parallel) that AB appears in its 
true length. In all the other views (which are 
views on planes to which AB is oblique), AB 
is foreshortened. But you will note that you do 
not need to concern yourself with the amount of 
this foreshortening, since it works itself out 
as you project the various views, 


In the upper left of figure 7-22 there is a 
single view projection of a triangular block, The 
right side is presumed to be parallel to the pro- 
file plane of projection, the bottom to the hori- 
zontal plane, the front to the vertical plane. 
The line AB is oblique to all three planes, 


The true length of AB is shown in the small 
triangle to the left of the single view projection; 
it is the length of the hypotenuse of a triangle 
with altitude equal to the vertical height of the 
block and base equal to the length of AB as it 
appears іп the top view multiview projection. 
You can see that AB is foreshortened in all of 
the multiview views. Once again, however, the 
amount of foreshortening works itself out as 
you project the views, 





BOTTOM. 


VIEW 





а 45,255 
igure 7-22, — A line oblique to all planes of pro- 
jection is foreshortened in all views. 


Auxiliary Views 


In theory, there are only three regular multi- 
view planes of projection: the vertical, the 
horizontal, and the profile, But as you have 
seen, in multiview projection the plane of pro- 
jection is always presumed to be between the 
observer and the object. This means that the 
vertical plane (for example) is presumed to be 
in one place for a front view and in a different 
place for a back view. Theoretically, it is the 
same plane; actually, however, there are two 
vertical planes—one the front view plane, the 
other the back view plane. lf follows that, for 
a 6-view projection there are 6 regular planes: 
the front view and back view planes, the top 
view and bottom view planes, and the right side 
and left side view planes, 


An auxiliary view is any view which is 
projected on a plane other than one of the 
regular 6, Refer back to figure 7-22, You re- 
call that the line AB is oblique to all of the 
regular planes of projection, and therefore ap- 
pears foreshortened in all 6 views, This means 
that the left side of the block cannot be shown 
in its true dimensions in any of the 6 regular 
views. To show the left side іп its true dimensions, 
you would have to project it onto an auxiliary plane, 
parallel to the left side of the block, 


Figure 7-23 illustrates the method of doing 
this, You select two adjacent views, one of 
which shows the edge of the surface which is 
to be projected in the auxiliary view, the other 
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45,258 
Figure 7-23. — Projecting an auxiliary view. 
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of which shows a dimension which will be re- 
quired to lay out the auxiliary view. In this 
case, the front view and the left side view are 
the appropriate views, 

You want to project the left side in its true 
dimensions; therefore, the projectors must be 
perpendicular to the left side, as indicated by 
the arrow. The auxiliary plane of projection 
must in turn be perpendicular to the projectors, 
The line marked ‘‘auxiliary plane and reference 
plane?" represents as edge view of the auxiliary 
plane of projection, In theory, the projection is 
made on this plane, and then brought into the 
plane of the paper by rotation, You can draw 
the auxiliary plane and reference line any con- 
venient distance away from the line AB, 

You get the height of the auxiliary view by 


projecting points A and B from the front view, 


as shown, You obtain the width of the base by 
laying off a distance, which is obtained from 
the left side view. Measure from the reference 
plane line 0 to point A, in the left side view. 
Lay this distance (AO) off in the auxiliary view 
from the plane of reference, along the projector 
from А, You obtain the location of point В by 
measuring distance BO in the left side view, and 
laying this same distance off from the plane of 
reference, along the projector from B, in the 
auxiliary view, 

The auxiliary plane line represents the edge 
of the auxiliary plane; the reference plane line 
represents the edge of the plane from which 
distances (as, in this case, the width of the 
block and the distance of B from the reference 
plane) are measured, In figure 7-23, the auxiliary 
plane line and the reference plane line coincide, 
This is not necessarily the case, however, You 
might have found it more convenient to locate 
the reference plane line as it is placed in the 
figure 7-24 or in figure 7-25, In both of these 
projections the auxiliary plane is located between 
the front view and the auxiliary view. These planes 
are not shown, anditis unnecessary to draw them, 

In figure 7-23 you were able to show the 
left side of the block in its true dimensions 
by making a single auxiliary projection, The 
reason you could do this was the fact that the 
surface you desired to project happened to be 
perpendicular to one of the three planes of 
projection (the vertical plane), Consequently, 
there was one multiview view (the front view, 
projected on the vertical plane) in which this 
surface appeared as a straight line, A single 
auxiliary view, projected from the surface as 
it appeared in the front view, showed the sur- 
face in its true dimensions, 
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Figure 7-24, — Alternative location of reference 
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plane line. 





Figure 7-25. — Alternative location of reference 
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plane line, 


45.260 


АЯ Ta 


Chapter 7-- PROJECTIONS 





In the upper left corner of figure 7-26 there 
is a single view projection of a block, The 
surface marked A is oblique to all three planes 
of projection. To show this surface in its true 
dimensions, you must construct a double auxiliary 
projection. First construct a primary auxiliary 
view, in which the surface appears as a straight 
line; and then from this view project a secondary 
auxiliary view, in which the surface appears in 
its true dimensions, 

To construct the primary view, you must 
project the block onto a plane which is per- 
pendicular to surface A, The reference line XX, 
shown on the front view, is drawn perpendicular 
to the line 1-8; it is therefore an edge view 
of a plane which is perpendicular to surface 
A, If you project the front view onto an auxiliary 
plane parallel to XX, you get a primary auxiliary 
view on a plane perpendicular to surface A, 

In this primary view, surface A appears as 
a straight line, If you project the primary view 
onto a plane parallel to surface A, you will get 
a secondary view in which A appears in its true 
dimensions, The reference plane line X'X' in 


x 


RIMARY AUXILIARY 
VIEW 


| 45.261 
Figure 7-26. — Double, or primary and secondary, 
auxiliary views, 


the secondary auxiliary view is drawn parallel 
to surface A as it appears in the primary view. 
You project the secondary view from the primary 
view by projectors drawn perpendicular to X'X', 
You locate points on these projectors above and 
below X'X' by measuring the corresponding dis- 
tance above and below XX in the front view 
from which the primary view was projected. 


TRUE LENGTH OF A LINE BY AUXILIARY 
VIEW,— The foregoing discussion has demon- 
strated the application of a basic rule to the 
effect that, if a line is parallel to a plane of 
projection, it will appear in its true length in 
a projection made on that plane. This rule may 
often be applied to determine the true length 
of a line which, because of the face that it is 
oblique to all three of the standard planes of 
projection, appears foreshortened in all of the 
standard multiview views, 

This method is illustrated in figure 7-27. 
In the upper left corner of this figure there 
is a single view projection of a triangular block, 
The line AB is oblique to all three of the reg- 
ular planes of projection, and will therefore 
appear foreshortened in all of the regular multi- 
view views, The true length of the line is shown 





45.262 
Figure 7-27. — Projecting a partialauxiliary view 
to get the true length of a line. 
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in the small triangle at the upper right. It is 
the length of |е hypotenuse of a triangle of 
which the length of the base is the length of 
AB as it appears in the top multiview view, 
and the altitude is the vertical distance of A 
above the lower horizontal line in the front 
multiview view. 


The line AB is one of the edges of the sur- 
face ABC, You can get the true length of AB 
by projecting a partial auxiliary view of this 
surface from the view in which the surface ABC 
appears ав a straight line, This view is the 
front view. You use an auxiliary plane parallel 
to the surface as it appears in the front view. 
The reference plane line X'X' is thus parallel. 
A line parallel to this one, located between the 
auxiliary view and the front view, would represent 
the edge of the auxiliary plane. There is no need 
to draw in the line. 


The reference plane line X'X' represents 
the reference plane XX shown in the top view. 
Point A in the auxiliary view is located at the 
point of intersection between X'X' and the pro- 
jector from A in the front view. Point B in the 
auxiliary view is located on the projector from 
B in the front view, at а distance from X'X' 
equal to the distance from B to XX in the top 
view, The line AB appears in its true length 
in the partial auxiliary view. 


AUXILIARY SECTIONS, — Ап auxiliary view 
may be a sectional rather than a surface view, 
In the upper left corner of figure 7-28 there 
is а single view projection of a block, Itis 
desired to show the top view of this block as 
it would appear if the block were cut away on 
the plane indicated by the dotted line, the angle 
of observation to be perpendicular to this plane. 
The desired view of the right side is shown in 
the auxiliary section, projected from а front 
view as shown, Because the auxiliary plane of 
projection is parallel to the cutaway surfaces, 
these surfaces appear in their true dimensions 
in the auxiliary section. 


The diagonal hatching is drawn at 45? to the 
horizontal axis of the auxiliary view. 


Revolutions 


You may have a tendency, at first, to confuse 
a revolution with an auxiliary view, but there is 
a definite difference between the two. An auxiliary 
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Figure 7-28, — Auxiliary section. 


view is a view on a plane other than one of the 
regular multiview planes of projection, A re- 
volution is always projected on a regular plane 
of projection, What distinguishes a revolution from 
the equivalent normal multiview projection of an 
object is the fact that the revolution shows the 
object as it would appear if it were revolved on 
an axis perpendicular to one of the planes of 
projection, 

Figure 7-29 (A) shows a 3-view multiview 
projection of a block, The block in these views 
is in normal position, with the top and bottom 
surfaces parallel: to the horizontal plane of 
projection, the front and back surfaces parallel 
to the vertical plane, and the side surfaces 
parallel to the profile plane, 

Figure 7-29 (В) is a 3-view multiview pro- 
jection showing the block as it would appear if 
it were revolved 30° on an axis perpendicular 
to the vertical plane of projection. Because the 
front and back faces of the block remain рег- 
pendicular to the horizontal and profile planes 
of projection, the thickness dimensions in the 
top and side views remain true. Because the 
top and bottom surfaces are now oblique to the 
horizontal plane of projection, the lengthwise 
dimensions in the top view are all foreshortened. 
However, the 30? inclined surface appears in its 
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RIGHT SIDE 
VIEW 


45.264(142А) 

Figure 7-29. — (А) Multiview of block in position, 

(B) Multiview view of block revolved 30? on 
axis perpendicular to vertical plane. 


true dimensions. Because the side surfaces are 
now oblique to the profile plane of projection, 
the vertical dimensions in the right side view are 
all foreshortened and the inclined surface appears 
ав aline, Againthe amount of foreshortening works 
itself out as you project the views. 

The top view in figure 7-30A was revolved on 
an axis perpendicular to the horizontal plane. 
Therefore, the inclined surface appears in its 
true dimensions in the front view, The right side 
view in figure 7-30B was revolved on an axis 
perpendicular to the profile plane, which resulted 
in the inclined surface appearing in the top 
view in its true dimensions. 


In а revolution or other view of an object 
in other than normal position, diagonal hatching 
should be drawn at a 45-degree angle to the 
horizontal or vertical axis of the object as it 
appears in the drawing. In the upper part of 
figure 7-31 there is a single view projection of 
a block, Below there is a 3-view multiview pro- 
jection of the block revolved 15? on an axis 
perpendicular to the horizontal plane of projection, 
The top view is a section view; the diagonal 
hatching is drawn at 45? to the horizontal axis 
of the drawing. 


Revolved Sections 


A common use of the revolution is the re- 
volved section illustrated in figure 7-32. At the 
top of this figure there is a single view: pro- 
jection of a triangular block. You can show every- 
thing that needs to be shown about this block 
in а 2-view multiview drawing, by including а 
revolved section in the front view, as shown. 
You first assume that the bar is cut by a plane 
perpendicular to the long axis; you then revolve 
the resulting section 90? on an axis perpen- 
dicular to the horizontal plane of projection as 
shown by the bottom two figures. 


Removed Sections 


Removed sections are normally used to il- 
lustrate particular parts of an object. They are 
drawn like the revolved section, except that 
they are placed at one side to bring out im- 
portant details. They are often drawn to a larger 
scale than the view on which they are indicated 
(fig. 7-33). 


Aligned Section 


When a true sectional view might be mis- 
leading, parts such as ribs or spokes are drawn 
as if they are rotated into or out of the cutting 
plane, Look at the front view of the handwheel 
in figure 7-84, Notice the cutting plane line АА, 
The spokes inthe section at А-А are not sectioned, 
In some cases, though not in this figure, if the 
spokes were sectioned, the first impression 
would be that the wheel had a solid web rather 
than spokes, 
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Figure 7-30. — (А) Revolution оп axis perpendicualr to horizontal plane. (В) Revolution on axis рег- 
pendicular to vertical plane. 


OBLIQUE SINGLE-PLANE 
PROJECTION 


We have seen that an object may be drawn 
showing length and width on a single plane. 
Depth may also be shown on this uniplanar 
(single plane) by constructing the receding pro- 
jectors of the object at an angle other than 
perpendicular to the plane of projection. 

Figure 7-35 shows the same object by both 
orthographic and oblique projection. The block 
is placed so that its front surface (the surface 
toward the plane of projection) is parallel to 
the plane of projection, You can see that the 
orthographic projection shows only this surface 
of the block. The oblique projection, on the 
other hand, shows the front surface and also 
the top and side surfaces, The orthographic 


projection shows only two dimensions length 
and width. The oblique projection shows three; 
length, width, and thickness. Oblique projection, 
then,is one method by which an object can be 
shown, in a single view, in all three dimensions. 

There are two types of oblique single-plane 
projections — cavalier and cabinet. 


CAVALIER PROJECTION 


Cavalier projection is a form of oblique 
projection in which the projectors are pre- 
sumed to make а 45-degree vertical and 4 
45-degree horizontal angle with the plane of 
projection, Assume that in figure 7-36 the line 
XX' represents a side-edge view of the plane 
of projection, and that the square ABCD re- 
presents a side of a cube, placed with its front 
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RIGHT SIDE VIEW 





FRONT VIEW 





45.274 
Figure 7-31. — Angle of diagonal hatching on a re- 
volution. 


face parallel to, and its top face perpendicular 
to, the plane of projection. You can see that 
the projected lengths of AB and AC are the 
same ав the actual lengths. 


Now assume that the line XX' in figure 7-36 
represents a top-edge view of the plane of pro- 
jection, and that the square ABCD represents 
the top of the cube. You can see again thatthe 
projected lengths of AB and AC are the same 
as the actual lengths of AB and AC, 


In а cavalier projection, then, any line parallel 
to or perpendicular to the plane of projection is 
projected in its true length. Figure 7-37 shows 
a cavalier projection of the cube shown in figure 
7-36. You start by drawing the axis, which con- 
sists of the front axes OA and OB and the receding 
axis OC, The front axes are always perpendicular 
to each other; the receding axis may be drawn 
from 0 at any convenient angle. All three are 
equal in length, the length being the length of an 


edge of the original cube (which may be scaled 
down or up, of course, if the drawing is made 
other than full scale), After you draw the axis, 
complete the projection by drawing the required 
parallel lines, All the edges shown in the pro- 
jection are, like the edges on the original cube, 
equal in length. 


CABINET PROJECTION 


The first thing you notice about the cube 
shown in figure 7-37 is the fact that it doesn't 
look like а cube, because the depth dimension 
appears to be longer than the height and width 
dimensions, The reason for this is the fact 
that а cavalier projection corrects a human 
optical illusion— the one which causes an object 
to appear to become smaller as its distance 
from the eye increases, This illusion in turn 
causes receding parallel lines to appear to the 
eye to be shorter than they really are, and also 
to be converging toward a point in the distance. 
But receding parallel lines on a cavalier pro- 
jection appear in their true lengths, and they 
remain constantly parallel. Also, the far edges 
of the cube shown in figure 7-37 are equal in 
length to the near edges. 


The distortion in figure 7-37 is only apparent. 
It is sometimes desirable to reduce this ap- 
pearance of distortion. This can be done by re- 
ducing the length of the receding axis (OC in 
fig. 7-37). This axis can be reduced by any 
desired amount, but it is customary to reduce 
it by one-half, When the receding axis is reduced 
by one-half, the projection is called a cabinet 
projection. Figure 7-38 shows а cabinet pro- 
jection of а cube, The length of the receding 
axis OC has been reduced by one-half, As you 
can see this representation looks more like 
a cube. 


Cavalier and cabinet projections are compared 
in figures 7-39 and 7-40. 


OBLIQUE DRAWING TECHNIQUES 


In an oblique projection of drawing of а 
rectangular object, one face (usually the most 
prominent or most important) is parallel 
to the plane of projection, All features appearing 
on this plane, such as circles or oblique lines, 
are in their true dimensions. However, in the 
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45.266 (142A) 
Figure 7-32. — Revolved section. 








SECTION А-А 


65.29 65.31 
Figure 7-33. — Removed section, Figure 7-34. — Aligned section. 
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PERPENDICULAR 
PROJECTORS 





45,228 
Figure 7-87.-- Cavalier projection of а cube. 
45,226 
Figure 7-35, — Oblique and orthographic pro- 
jections of the same object. side or top views these same features are some- 
what distorted because of the receding axis 
angle. When drawing these features various 
techniques can be employed to aid you in their 
construction. 
X For convenience sake, the angles chosen for 
the receding axis are either 30, 45, or 60 
degrees because they are easily constructed 
with triangles. (See figure 7-41.) 


Irregular Lines 


An irregular line in an oblique drawing is 
a line which would be an oblique line ina 


о 


7% 5 
> 


X C D B 


Figure 7-36. — Angle of projectors in a cavalier 45,229 
projection. 45,227 Figure 7-38, — Cabinet projection of a cube. 
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45.283 

Figure 7-39. — Cavalier projection. Distances 

along front axes and along receding axis 
are all true. 


normal multiview projection. In the upper part 
of figure 7-42 there is a 2-view multiview 
projection of a block; the line AB is anir- 
regular line and will not appear in its true 
length in an oblique projection. To transfer 
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45,284 

Figure 7-40. — Cabinet projection. Distances a- 

long front axes true; distances along receding 
axis reduced by one-half. | 


the line you draw the projection by transferring 
measurements taken along regular lines, these 
measurements locate the end points of the ir- 
regular line. Figure 7-42 shows the cavalier 
projection of an irregular line. The procedure 


RECEDING 
AXIS 


609 





65.19 


Figure 7-41. — 30°, 45°, and 60° are the normal angles chosen for the receding axis in oblique projection 
because they are easily drawn with triangles. 
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45.285 
Figure 7-42. — Cavalier projection of an object 
with irregular lines, 


for cabinet projection would be the same, except 
that all measurements along the receding axis 
would be reduced by one-half. 


Angles in Oblique 


In an oblique projection an angle on the sur- 
face which is parallel to the plane of projection 
will appear in its true size; an angle on any 
other surface will not, In the upper part of 
figure 7-43 there is a 2-view multiview pro- 
jection of a block. There is a 30-degree angle 
on the top face and another on the front face. 
In the cavalier projection below, the angle on 
the front face stil measures 30°; that on the 
top face measures only about 9°, You transfer 
the top face angle by locating the end points 
of the line by measurements along regular lines. 


Circles in Oblique 


In an oblique projection, a circle on the sur- 
face parallel to the plane of projection will ap- 
pear as a circle. А circle on any other surface 
will appear as an ellipse, as illustrated in figure 
7-44, In the upper part of this figure there is 
а 2-view multiview projection of a block with 
а circle on its upper face. Below there isa 
cavalier projection, in which the circle appears 
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45.286 
Figure 7-43. — Transferring an angle in oblique. 
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45.287 


Figure 7-44, — Cavalier projection of а circle on 


a receding surface. 
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as an ellipse, Each of the conjugate (joined 
together) diameters of the ellipse is equal to the 
diameter of the circle. 

Figure 7-45 shows a method of drawing a 
four-center approximate ellipse in cavalier pro- 
jection. Draw the circumscribing parallelogram 
ABCD by drawing lines at the ends of each axis, 
parallel to the other axis, Erect perpendicular 
bisectors from AB, BC, CD, and DA, These 
bisectors intersect each other at X and Х' and 
at У and Y' Х and Х' are centers for the inter- 
mediate arcs of the approximate ellipse; Y 
and Y' are centers for the end arcs. 

The situation is a little different in a cabinet 
or other oblique projection in which measure- 
ments along the receding axis are reduced to 
lessen the appearance of distortion. In the upper 
part of figure 7-46 there is a 2-view multiview 
projection of a block with a circle on the right 
side. Below there is a cabinet projection, in 
which the circle appears as an ellipse. Note 
here, however, that the horizontal conjugate 
diameter of this ellipse is only one-half the 
length of the vertical conjugate diameter. For 
this reason, you must draw this ellipse by the 
conjugate diameter method. 

The four-center method of drawing an ap- 
proximate ellipse used in cavalier projection 
(fig. 7-45) will work only on an ellipse with 
conjugate diameters which are equal in length. 

The ellipse is given in terms of conjugate 
diameters, Two diameters of an ellipse are 
conjugate when each is parallel to the tangents 





Figure 7-45. — Method of drawing approximate 
ellipse for cavalier projection of a circle 
ona receding surface, 45,288 


FRONT VIEW RIGHT SIDE VIEW 


45.289 
Figure 7-46, — Circle on receding surface shown 
in cabinet projection. 


at the ends of the other. One of a given pair 
of given conjugate diameters is, as a rule, 
not perpendicular to the other. 

Figure 7-47 shows the parallelogram method 
of drawing an ellipse with given conjugate dia- 
meters АВ and CD, Draw the circumscribing 
parallelogram EFGH, Divide CF and CO into 
the same number of equal intervals. Draw lines 
from A passing through the intervals of CO, 
the lines from B to the intervals of CF. The 
points of intersection of these lines lie on the 
ellipse, Fair in the line of the ellipse through 
these points with a french curve, 


AXONOMETRIC PROJECTION 


AXONOMETRIC single-plane projection is 
another way of showing an object in all three 
dimensions in а single view, Axonometric pro- 
jection is orthographic projection — meaning that 
in axonometric projection the projectors are 
perpendicular to the plane of projection. It is 
the object itself, rather than the projectors, 
that is inclined to the plane of projection, 


ISOMETRIC PROJECTION 


Figure 7-48 shows a cube projected by iso- 
metric projection, the most frequently used type 
of axonometric projection, The cube is inclined 
зо that all of its surfaces make the same angle 
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Figure 7-47. — Ellipse with given conjugate dia- 
meters. 45.202 


(35° 16") with the plane of projection, As a result 
of this inclination, the length of each of the edges 
Shown in the projection is somewhat shorter than 
the actual length of the edge on the object itself, 
This reduction is called foreshortening. The de- 
gree of reduction amounts to the ratio of 1 to the 
cosine of 35? 16', or 1/0.8165. This means that 
if an edge on the cube is 1 in. long, the projected 
edge will be 0.8165 in. long. As all ofthe 
Surfaces make the same angle with the plane 
of projection, the edges all foreshorten in the 
same ratio. Therefore, one scale can be used 


for the entire layout; hence the term “івотеігіс,” 
which literally means ‘‘one-scale,”’ 

Figure 7-49 shows an isometric projection 
as it would look to anobserver whose line of sight 
was perpendicular to the plane of projection. 
Note that the figure has a central axis, formed 
by the lines OA, OB, and OC, The existence of 
this axis is the origin of the term ‘‘axonometric 
projection.’’ In an isometric projection, each line 
in the axis forms a 120-degree angle with the 
adjacent line, as shown, A quick way to draw the 
axis is to draw the perpendicular OC, then use a 
T-square and 30-60 degree triangle to draw 
OA and OB at 30° to the horizontal. Since the 
projections of parallel lines are parallel, the 
projections of the other edges of the cube will 
be respectively parallel to these axes, 


ISOMETRIC DRAWING 


A rectangular object can be easily drawn in 
isometric by the procedure known as box con- 
struction. In the upper part of figure 7-50 there 
is a 2-view normal multiview projection of a 
rectangular block, An isometric drawing of the 
block is shown below. You can see how you build 
the figure on the isometric axis, and how you 
lay out the dimensions of the object on the 
isometric drawning. Because you laid out the 
identical dimensions, it is an isometric drawing 
rather than an isometric projection. 


Nonisometric Lines 


If you examine the isometric drawing shown 
in figure 7-50 you will note that each line in 
the drawing is parallel to one or another of the 
legs of the isometric axis. You will also notice 
that each line is a normal line in the multiview 
projection. Recall that a normal line is a line 
which, in a normal multiview projection, is 
parallel to two of the planes of projection and 
perpendicular to the third. Thus а nonisometric 
line is a line which is not parallel to any one 
of the three legs of the isometric axis. It is 
not a normal line in a normal multiview pro- 
jection of the object. 

In the upper part of figure 7-51 there is 
a 2-view normal multiview projection of a block, 
Though the line AB is parallel to the horizontal 
plane of projection, it is oblique to both the 
vertical and the profile planes. It is therefore 
not a normal but an oblique line in the multiview 
projection, and it will be а nonisometric line in 
an isometric projection or drawing of the same 
object. 
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45.230 


Figure 7-48. — Isometric projection of a cube. 


The line AB appears in its true length in 
the top multiview view, because it is parallel 
to the plane of the view (the horizontal plane). 
But it will appear as a nonisometric line, and 
therefore not in its true length, in an isometric 
drawing. It follows that you cannot transfer 
AB directly from the multiview projection to 
the isometric drawing. You can, however, trans- 
fer directly all the normal lines in the multiview 
projection, which will be isometric lines, ap- 
pearing in their true lengths, in the isometric 
drawing. When you have done this, you will have 


constructed the entire isometric drawing, ex- 
clusive of line AB, and of its counterpart on the 
bottom face of the block, The end points of AB 
and of its counterpart will be located, however, 
and it will only be necessary to connect them 
by straight lines. 





40.231 
Figure 7-49. — Isometric axis. 


45.275 
Figure 7-50,— Box construction. 
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45,276 
Figure 7-51. — Тһе line ABis a nonisometric line. 


Angles In Isometric 


In à normal multiview view of an object 
an angle will appear in its true size. Inan 
isometric projection or drawing, an angle never 
appears in its true size, Even an angle formed 
by normal lines, such as each of the 90-degree 
corner angles of the block shown in figure 
7-51, appears distorted in isometric. 

The same principle used in transferring a 
nonisometric line is used to transfer an angle 
in isometric. In the upper part of figure 7-52 
there is a 2-view multiview projection of a 
block, On the top face of the block the line 
AB makes a 40-degree angle with the front 
edge, The line AB is an oblique (that is, not 
normal) line, which will appear as a nonisometric 
line in the isometric drawing. You locate the end 
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45,277 
Figure 7-52,— Drawing an angle іп isometric. 


points of AB on the isometric drawing by dis- 
tances measured along normal lines on the 
multiview projection, and laid off along the 
corresponding isometric lines on the isometric 
drawing. The angle which measures 40° on the 
top multiview view measures only about 32° 
on the isometric drawing. Note, however, that 
it is labeled 40° on the isometric drawing. 
This is because it is, actually, a 40-degree 
angle, as it would look on a surface placed at 
the isometric angle of inclination. 


Circles In Isometric 


A circle in a normal multiview view will 
appear as an ellipse in an isometric drawing. 
This is illustrated in figure 7-53, 

If an accurate ellipse is required you can 
draw the ellipse by the conjugate-axis method 
described earlier. However, in a case of this 
kind, an approximate ellipse, drawn with a 
compass, is usually satisfactory. Notice first, 
in figure 7-53, that the intersecting conjugate 
axes of the isometric ellipse is always parallel 
two of the legs of the isometric axis, To draw 
an approximate isometric ellipse, first draw 
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45,278 
Figure 7-53, — Circle on a normal multiview view 
appears as ellipse in isometric drawing. 


the circumscribing parallelogram ABCD, Бу 
drawing lines at the ends of each conjugate 
axis, parallel to the other axis, as shown in 
figure 7-54, Then draw the approximate ellipse 
as follows. 


Draw the diagonal AC, Draw straight lines 
from the midpoint of AB and the midpoint of 
BC to D. Тһе points of intersection (0 and 
0' between these lines and the diagonal AC 
are centers for the end arcs of the approximate 
ellipse. Points B and D are centers for the 
intermediate arcs. 


Noncircular Curves In Isometric 


A line which appears as a noncircular curve 
іп а normal multiview view of an object will 
appear as a nonisometric line in an isometric 
drawing. To transfer such a line to an isometric 
drawing, you must plot a series of points by 
measurements made along normal lines in the 





45.279 
Figure 7-54, — Method of drawing approximate el- 
lipse on isometric conjugate axis. 


multiview view and transfer these measure- 
ments to corresponding isometric lines in the 
isometric drawing. 

In the upper part of figure 7-55 there isa 
2-view multiview projection of a block with an 
elliptical edge, To made an isometric drawing 
of this block, draw the circumscribing rectangle 
on the top multiview view, lay off equal intervals 
as shown, and draw perpendiculars at these 
intervals from the upper horizontal edge of 
the rectangle to the ellipse. Then draw the 
rectangle in isometric, as shown below, and 
plot a series of points along the elliptical edge 
by laying off the same perpendiculars shown 
in the top multiview view. Fair in the line of 
the ellipse through these points with a french 
curve, 


Alternate Positions of 
Isometric Axis 


Up to this point the isometric axis has 
been used with the lower leg vertical. The 
axis may, however, be used in any position, 
provided the angle between adjacent legs is always 
120°, Figure 7-56 shows how varying the position 
of the axis varies the view of the object, 


Diagonal Hatching in Isometric 


Diagonal hatching on а sectional surface 
shown in isometric should have the appearance 
of making a 45-degree angle with the horizontal 
or vertical axis of the surface. If the surface 
is an isometric surface (one which makes an 
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FRONT VIEW | 


Figure 7-55. — Method of drawing а noncircular 
curve in isometric. 45.280 


angle of 35° 16! with the plane of projection), 
lines drawn at an angle of 60° to the horizontal 
margin of the paper, as illustrated in figure 
7-57, present the required appearance, For 
diagonal hatching on a nonisometric surface, 
you must experiment to determine the angle 
which presents the required appearance. 


PERSPECTIVE 


In the following section you will be shown 
how to construct various types of perspective 
projections, A thorough understanding of per- 
spective will equip you with a more acute sense 
of observation and feeling for form and will 
help you in making your drawings more con- 
vincing and realistic. 


Perspective drawings are pictorial one-view 
representations which depict a scene as it might 
appear to the eye. Thus, they are easier to 
comprehend at a glance than drawings made in 
orthographic projection, When constructing these 
drawings, imagine a vertical plane placed between 
the eye and the object to be drawn, This imaginary 
plane is the plane of projection and in perspective 
is known as the "picture plane"', 


The simplest method of making a perspective 
drawing is to make a tracing on a piece of glass, 
That is, you place a pane of glass between you 
and the object and trace all visible edges of the 
object. The pane of glass in this case is your 
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Figure 7-56. — Varying position of isometric axis varies view of the object. 
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45,282 
Figure 7-57. — Diagonal hatching in isometric, 


picture plane, Even though this method may be 
rather impractical, it does illustrate some of 
the principles of perspective. In a real situation 
your paper takes the place of the glass, and 
instead of tracing your drawing, you project 
it. 


HORIZON OR 
EYE LEVEL 


THE STATION POINT IS THE 
POSITION OF THE OBSERV pale 
EY 





One of the most important items in per- 
spective drawing is the ''station point'', Actually, 
the "station point'' represents the position of 
the observer's eyes, Therefore, the position 
of the station point greatly influences the per- 
spective. For example, a house would look much 
different to an observer on the ground or street | 
level than it would to the same observer on the 
fourth floor of a large building. 


Perspective drawing is based on the fact 
that all lines extending from the observer appear 
to converge or come together at some distant 
point, For example, to a person sighting down 
a long stretch of railroad tracks, the tracks will 
appear to merge or vanish at a single point in 
the distance. In perspective projection, the point 
at which these parallel horizontal lines seem 
to meet is known as the ''vanishing point", 
Like the railroad tracks, all horizontal and 
vertical lines and planes, except for those parallel 
to the picture plane, appear to vanish or merge 
at the vanishing points which are located on the 
horizon line, (See fig. 7-58.) 


Think of the object to be drawn as resting 
on a horizontal ground plane which is per- 
pendicular to the ''picture plane'', The limits 
of the ''ground plane'' may be indicated on the 
picture plane as two separate lines - the ground 
line and the horizon line, The ground line inter- 
sects the picture plane at the bottom, and as 
such it defines the lower limit of your drawing. 
The position of the horizon, or eye level line, 
which may or may not be visible on the picture 
plane, depends upon your angle of sight, 


PICTURE PLANE 


VANISHING 

POINT 
THE VANISHING POINT 
IS WHERE THE RECEDING 
LINES MEET ON THE 
HORIZON LINE. 


142.223 
Figure 7-58, — Perspective nomenclature, 
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ONE-POINT PERSPECTIVE 


One-point perspective exists when two di- 
mensions of an object (height and width) are 
parallel to the picture plane. This occurs when 
the object being observed is straight in front of 
the observer, not at an angle. In such a view 
there is only one dimension, depth, that is left 
to be accounted for. This dimension must have 
a vanishing point, (The two dimensions parallel 
to the picture plane have no vanishing points.) 
Figure 7-59 shows how a one-point perspective 
can occur in two ways. If you look at a cube 
straight on, the vanishing point is out of sight 
behind it. If you were standing inside the cube, 
as in a room, you would have the same situation 
that you have when you are looking down the 
middle of a street. The right and left walls 
of the enclosure correspond to the flat fronts of 
the buildings on the side of the street. In such 
a view all receding parallel lines appear to run 
to one vanishing point. 

To draw a cube in accurate perspective in 
relation to a definite viewpoint, a plan view is 
used as shown in figure 7-60. Application of 
this method enables you to draw an object as 
it may appear at any distance and viewpoint 
you desire, The sources of information necessary 


for this type of drawing are scaled drawings of 
the top and side views of the object. In regard to 
drawing a cube, all sides are of equal length and 
a side view is not necessary. If a box of unequal 
sides were used, you would need an elevation 
view of the box to find its height. This is covered 
later in the chapter. 

In figure 7-60 one-point perspective is used 
since two dimensions (height and width) are 
parallel to the picture plane, Draw a square re- 
presenting the top of the cube in orthographic 
projection, and establish a station point at a 
distance no less than three times the length of 
one side of the cube away from the center of the 
cube. Remember the station point is the spot 
from which you will view the cube. Now place a 
line that represents the picture plane between 
that station point and the square sothat it touches 
the front of the cube, It is not essential to place 
it here; it may be placed at some other distance 
from the cube, However, the farther away you 
place in picture plane, the smaller the cube will 
appear. In any perspective drawing, the com- 
parative sizes will be reduced proportionately 
as the distance is increased between the picture 
plane and the object. 

Locate the corners of the cubeonthe picture 
plane by drawing lines B (fig. 7-60) from each 








142.227 


Figure 7-59, — One-point perspective. 
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PICTURE PLANE 


EYE LEVEL 


142,230 
Figure 7-60. — Use a plan view to construct а 
one-point perspective drawing. 


corner of the square to the station point, (Each 
corner of the cube represents the positions of a 
vertical corner of the cube.) The positions of the 
verticals on the picture plane are determined by 
the points of intersection of these lines with the 
picture plane. In order to determine the width 
of each side of the cube, drop vertical lines 
A and C from the points where the lines A and B 
intersect the picture plane. 


Construct a square representing the front face 
of the cube, using the length between lines A as 
the measurement. Determine the vertical height 
of the station point in relation to the level that 
you are viewing the cube from, and drawa 
horizontal eye level line, Vertically under the 
station point locate a vanishing point (VP) on 
the eye level line, Draw lines from the corners 
of the square to the vanishing point. At the 
intersections of these lines with lines C, draw 


the horizontal line representing the back of the 
cube, Darken the visual outlines to complete the 
cube in one-point perspective. 

To draw an object in one-point perspective 
using a plan and elevation view follow the method 
shown in figure 7-61. Notice the picture plane 
becomes a line in both the top and side ortho- 
graphic views. 

The station point for the plan view was located 
as described earlier. As was stated, the station 
point is the observer's eye, Therefore,the station 
point for the side view is actually the same 
Station point as that shown for the top view. 
Thus, it is the same horizontal distance from 
the cube, but its elevation shows the height of 
the station point above the level of the cube, 
The picture plane in the side view is also 
the same distance from the cube as in the top 
view, and the ground line in this view, on which 
the picture plane rests, defines the ground line 
of the picture plane in the perspective drawing. 

In the side view, projectors are drawn con- 
verging to the station point, and at their piercing 
points on the picture plane, parallel horizontal 
projectors are drawn to the perspective drawing. 
The intersection point of a projector from a corner 
of the cube in the top view with the projector 
from the same corner in the side view locates the 
corner in the perspective drawing. 

Notice that the vanishing point and center of 
vision in this drawing are located directly above 
the station point in the perspective drawing and 
on the same line with the station point for the 
side view of the cube. This line is the eye level 
line. It is also the horizon line for the drawing. 

The vanishing point defines the point at 
which all lines perpendicular to the picture plane 
in the perspective drawing converge. The fact 
that there is only one vanishing point in this type 
of perspective drawing gives it its name, Itis also 
called parallel perspective because the front 
face of the object is parallel to the picture plane, 

In parallel perspective drawings, the center 
of vision is not necessarily centered on the 
object. It may fall to one side or the other as 
shown in figure 7-62, When the front face is 
parallel to the picture plane and the center of 
vision is at one side of the drawing, there will 
necessarily be come distortion. Actually, the 
drawing becomes an oblique projection which 
may be known as fake perspective and is not 
a true perspective drawing. Notice that in order 
to make such a drawing, the object. must be 
considered as resting with its front face against 
the picture plane, If this were not so, converging 
projection lines from the corners of the front 
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142.57 
Figure 7-61. — One-point perspective drawing obtained from orthographic views. 
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SP SP 


Redrawn with permission from Drafting 
Simplified by Rotmane. Copyrighted 1950 
by Delmar Publishers, Inc. 


142,60Х 

Figure 7-62. — Position of the station point at 

right or left of center inparallel perspective 
drawings. 


face would alter its appearance so that it would 
no longer appear to be parallel with the picture 
plane, In fact, as you will see, it would then be- 
come a two-point, rather than a one-point, per- 
spective drawing. 

Circular shapes, which may prove to be time 
consuming if drawn іп true perspective, can be 
drawn with ease if they are drawn parallel with 
the picture plane. Therefore, this type of pro- 
jection is ideal for items such as machine parts 
that have circular shapes, 


TWO-POINT PERSPECTIVE 


Two-point perspective is most commonly used 
in perspective drawings. Two-point, or angular 
perspective exists when the object is sitting 
at an angle to the picture plane, In the perspective 
drawing of such an object, there are 2 sets of 
horizontal lines or planes converging toward 2 
different vanishing points on the eye level or 
horizon line. The parallel lines which slop to the 
right will vanish at a point in the distance called 
the right vanishing point (VPR) and those that 
slope to the left ata point called the left vanishing 
point (VPL). (See fig. 7-63.) 

If there are a number ofobjects inthe drawing 
which are sitting at different angles to the 
picture plane each will have its own set of 
vanishing points. (See fig. 7-63.) 

To draw an object in two-point perspective 
in relation to a definite viewpoint, plan and 
elevation views are used as shown in figure 
7-64A, In the figure, the plan view of the block 


was drawn first at the desired angle to the 
picture plane. The position of the picture plane 
was then determined. 


Once the picture plane was established, the 
station point for the top view in figure 7-64A 
was located. The rule for locating this station 
point is to position it approximately opposite 
the center of the block, at a distance from the 
object so the angle at the SP is no greater than 
30 degrees, If this rule is neglected, a distored 
appearance may result in the perspective drawing 
because there is a cone of about 30 degrees in 
which the human eye sees clearly. For this reason, 
the angle formed by the lines of sight from the 
sides of the object to the station point should not 
exceed 30°. In no case, even when the perspective 
drawing depicts a panoramic scene, should it 
exceed 45°, 


Next, the picture plane for the side view was 
established. Then the side view was drawn. (Points 
may be projected from the top view to the side view 
if necessary.) Remember that the picture plane in 
the side view or elevation is the same picture 
plane shown in the top view and, thus, it is the 
same horizontal distance from the object. 


The station point for the side view was located 
next, Remember this station point is the same 
point seen in the top view and, therefore, it is 
the same horizontal distance from the object, 
However, its angle to the object can vary. This 
variation of the station point in the side view 
determines the height of the eye level or horizon 
line. Note that the station point for the side view 
always falls оп the horizon line, 


This horizon line is a very important one, If 
it is high, objects in the perspective view will 
appear as if they were viewed from a height. 
If it is low, objects will appear as if they were 
viewed from directly in front or below, 


Generally, it is best to select a station point 
approximating that from which a real observer 
might view the object. 


Project the corner points of the object to 
the picture planes by constructing lines that 
converge toward their respective station points 
from each corner of the top and side views. For 
example to establish line 1-5, in the perspective 
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142,224 


Figure 7-63. — Cube construction. 


view, construct vertical and horizontal inter- 
secting lines from the respective points on the 
picture planes (See fig. 7-64B.) 

Figure 7-64C shows the remainder of the 
points projected and all lines constructed, In 
this type of perspective the construction of the 
vanishing points is not essential. However, if 


you were to continue any or all of the receding 
lines such as lines 1-2, 5-6, 3-4, and 7-8 you 
will find they converge on the VPR, Also the 
VPL may be located by extending the lines 
1-3, 7-5, 4-2, and 8-6, Locating the vanishing 
points will serve as a check to see if you have 
projected all points correctly. 
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MAXIMUM OF 30° 


SIDE VIEW OF PP 


EYE LEVEL OR HORIZON LINE 





«— SIDE VIEW OF PP 





Figure 7-64. — Two-point or angular perspective, 


This method isusually used when architectural 
drawings are made in two-point perspective. 
However, two-point perspective may be drawn 
from the plan view of the object alone, without 
the elevation, When this is done, the vanishing 
points are first projected on the picture plane 
and then located on the horizon line, (See fig. 
7-65.) In order to do this, first locate the 
Station point for the constructed plan view. 
Second, draw lines from the station point to 


142.61 (142А) 


the picture plane that are parallel to the lines 
in the plan view, as shown by lines 1-2, and 
1-3 in figure 7-65, The points at which the lines 
intersect the picture plane are then projected 
vertically to the horizon line to locate the 
VPL and VPR, 

In figure 7-66 lines are drawn converging 
toward the station point from the corners of 
the block in the plan view, From the points 
where these lines pierce the picture plane, 
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142,62 
Figure 7-65. — Locating vanishing points for two-point perspective drawn from the plan view. 





142.63 
Figure 7-66, — Two-point perspective drawing made without using an elevation of the object. 
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142,64 


Figure 7-67.-- А, Object on eye level. В. Object above eye level. С, Object below eye level. 


verticals are dropped to give the apparent width 
of the block in the perspective view. Since an 
elevation is not used, the various heights cannot 
be found directly. However, the bottom of the 
block may be located by drawing lines to the 
vanishing points from the point i.e, (5) selected 
as the near corner, (See fig. 7-66.) 

Now if the perspective height of any one 
vertical line can be determined, the height of 
the other verticals can be found automatically. 
This is easy to do when one edge of the object 
rests against the picture plane, This edge will 
then appear in its true height in the perspective 
view. If you have the dimension for this height 
in the orthographic projection, you can transfer 
that dimension directly to the perspective view, 
Lines drawn to the vanishing points from this 
top corner will locate the top of the two sides, 


and lines drawn to the vanishing points from 
the far corners on these sides will complete 
the drawing of the block. 

When the front edge of the subject does not 
rest against the picture plane, it is necessary 
to use some other dimension, Since the end of 
the block is square it is possible to find the 
perspective length of a horizontal line and use 
this dimension for the edge of 1-5. This is 
done, by drawing a line parallel to the picture 
plane from 1, measuring a length of this line 
equal to 1-3, and drawing a line converging on 
the station point to the picture plane from the 
end of this line, 

This length can then be transferred to the 
front edge of the perspective view and the view 
completed as shown in figure 7-66. To check 
the accuracy of this method, compare figure 
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7-66 with 7-64, You will find that, since the 
station point, horizon level, and the bottom of 
the cube correspond, the two perspective views 
are similar, It is possible to make them cor- 
respond exactly, 

In figure 7-66 the bottom of the front edge 
of the block has been placed at a certain point, 
to correspond with the same point in figure 
7-64, Actually it could have been placed at 
any desired point. Thus, the perspective view 
may be drawn below the eye level, at eye level 
or above it, as shown in figure 7-67, 

However, if the object is placed too high 
above the eye level or too low below it, the 
effect will be one of distortion. A block drawn 
in these positions will cease to look right as 
shown in figure 7-68. (When the station point 
is too close to the object, there will be a similar 
distortion.) The angle indicated in the figure 
should never be less than 90° and preferably 
not less than 100°, 

To overcome distortion such as that illustrated 
in figure 7-68 the station point may be moved 
further from the object, or the picture plane 
and object may be considered tilted at an angle 


to each other so that a third vanishing point 
is needed for the third set of parallel lines 
in the drawing. 


Inclined Lines and Planes 


Inclined lines and planes have vanishing points 
similar to horizontal vanishing points. If you are 
constructing a perspective from plan and elevation 
views, locating the vanishing points for the inclined 
lines will involve further preliminary projection, 


Figure 7-69 shows an object being constructed 
in a manner similar to the previously discussed 
perspective drawings. However, the object con- 
tains 3 pairs of parallel lines defining 3 inclined 
planes, One accurate method of constructing the 
perspective view is to project it without using 
vanishing points similar to figure 7-64, To con- 
struct this object using only the plan view and 
elevation for measuring purposes, you must also 
locate vanishing points for the inclined lines, 


To locate the inclined vanishing points, extend 
if necessary the vertical lines A-B, C-D as 





142.65 


Figure 7-68, — A, Object placed too high above eye level, B, Object placed too low below eye level, 
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Figure 7-69, — Finding the vanishing points for inclined lines, 


shown in figure 7-69A and B through the horizontal 
right and left vanishing points, Along these vertical 
lines will fall all the vanishing points for the 
inclined lines and planes, Our problem now is to 
find where the VPs fall on the vertical lines, As 
we view the object all of the planes are inclined 
to the right; thus their vanishing points with fall 
on the right vertical line C-D, From line SP-Y 
construct angle "а" equal to the inclined plane 
1-2-3-4 in the elevation view, Extend the line 
defining this angle beyond line C-D, Construct 
a perpendicular to this line intersecting C-D at 
У. Using a compass, lay off this perpendicular 
distance on C-D from the VPR, This now is the 
VPR, for the inclined plane 1-2-3-4, Proceed with 
this method on the remaining inclined planes, 
Finish the perspective projection as shown in 
figure 7-69C. 


Drawing the Circle in Perspective 


Circles seen in perspective appear as ellipses. 
The ellipse may be sized and placed in perspective 
by constructing it within а square, The reason 
the circle in perspective is drawn with the aid 
of the square is that while there are no direct 
measurements on a curve, vanishing points are 
easily determined for the square, and proportions 
of the curves can easily be seen with the square. 

Figure 7-70 shows the proper layout of a 
circle drawn in perspective. The first step in 
the layout is to draw a circle with the dimensions 
desired, Fit a square around the circle as shown 
in the second step and add the diagonals, center 
lines, and vertical lines shown in step two. The 
points at which the circle and square division 
lines intersect will give you eight checkpoints 
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STEP I. 


DRAW A CIRCLE WITH THE DIMENSIONS 
DESIRED. 


STEP 2. 

DRAW A SQUARE AROUND THE CIRCLE. 
CONSTRUCT CENTER LINES AND DIAGONALS 
IN THE FIGURE. 


STEP 3. 

CONSTRUCT THE DESIRED PERSPECTIVE 
VIEW, AND WITH AN IRREGULAR CURVE 
CONNECT THE PLOTTED CHECK POINTS 
ON THE DIAGONALS AND CENTER LINES. 





142,236,1(142A) 
Figure 7-70. — Layout for a circle in perspective. 
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FREEHAND LÁYOUT METHOD 





for drawing the circle in perspective. The third 
step is to draw the square inperspective including 
diagonal lines, center lines, and vertical lines. 
The points at which the circle lines cross the 
diagonal and other division lines in ће perspective 
Square are the points through which the curve 
of the ellipse is drawn. 

When drawing ellipses it is often best to 
rough them in freehand and get the general shape 
desired, then relate the square in proper per- 
spective superimposed on the freehand ellipse. 


EYELEVEL 





142,371 
Figure 7-72, — Circular cylinder in perspective, 





< 
ох 


142.236.2 
Figure 7-71. — Drawing the circle іп perspective, 


This procedure is shown in figure 7-71. When 
the square is proportionally correct, cross the 
center with two diagonal lines and cross these 
with a vertical line through the intersection of 
the diagonal lines, Draw a horizontal line through 
the center to determine the perspective center. 
Use the vanishing point to have the direction of 
the receding lines correct. 

Figure 7-72 shows a circular cylinder con- 
structed in two-point perspective. 

Figure 7-78 shows some of the applications 
of the circle in perspective when it is associated 
with the right circular cylinder. At the eye level 
the circular section line appears as a straight 
line, Above and below the eye level the circular 
sections appear as ellipses that become pro- 
gressively more open as their distance above 
and below the eye level increases, The pro- 
portion of the ellipses—the proportion of short 
to long diameters— also depends upon the dis- 
tance of the cylinder from the eye, The nearer 
the eye, the more open the ellipse; the farther 
the eye, the thinner the ellipse. When seen ata 
considerable distance the ellipses appear as 
nearly straight lines. 

Think of the right circular cone as being 
enclosed within a cylinder, both having the same 
base and the same axis, Figure 7-74 shows 
the cone first on its side, then resting on its 
sloping side, Notice that the long diameter of 
the ellipse representing the cone’s circular 
base has been drawn at right angles to the cone’s 
axis, a relationship that is constant in the cone 
as it is with the cylinder. Figure 7-74 shows 
several examples of circular construction based 
on the shape of the cone, 


Measurements in Two- Point Perspective 


In drawing objects with compound shapes, 
a series of cubes may be used, If you draw a 
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142,237 
Figure 7-73, — Perspective circles when in relation to cylinders, 





| 142.238 
Figure 7-74, — The cone in perspective, 
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142,66 


Figure 7-75. — Using diagonals to establish divisions on а line or a plane іп perspective. 


cube in two-point perspective, you can easily 
divide the perspective views of the sides of the 
cube into halves and again into quarters by using 
diagonals, as shown in figure 7-75А. 

The diagonals of the square sides establish 
the centers of these sides, Verticals erected 
through each center, divide the side into halves, 
In order to divide the squares into quarters, 
find the center of a vertical side and draw 
lines from this point receding toward the vanish- 
ing points. This establishes the centers of the 
vertical edges. Now draw a diagonal in one of 
the quarters so established, This diagonal will 
cross the diagonal of the large square, Finally 
erect a vertical through the point established 
by the intersection of these two diagonals, As 
you can see, this process of division can be 
carried on as far as necessary to establish 
the required division points on a horizontal 
edge or within the square itself, 

It is also possible by using diagonals to add 
to the sides of the cube in multiples of 2, 4, 8, 
etc., as shown in figure 7-76. First, the center 
of the square side is found and a vertical and 
horizontal are drawn through this center, The 
horizontal is extended beyond the side of the 
cube toward the vanishing point and the horizontal 


edges of the side are also extended toward this 
point, as shown in figure 7-76A, 

A diagonal drawn from the center point on 
the lower horizontal edge of the square through 
the center point on the far edge will intersect 
the extension of the top edge as shown in figure 
7-76B, A vertical dropped from this intersection 
will add the equivalent of a half to that side. 
As you can see, this process can be continued 
as many times as necessary, and the sections 
so established can be divided in turn, 


Now suppose you are asked to draw in per- 
spective a bookcase 86 inches high, 24 inches 
wide, and 12 inches deep. Since the $6 inches 
can be divided into 18 inches or 9 inches but 
not into 24 or 12, it will be better to make 
the basic cube 24 inches, which can easily be 
divided into 12 inches and to which 12 inches 
can be added, In figure 7-77B, these dimensions 
have been established. Note that the same method 
used for multiplying areas in a horizontal direc- 
tion, shown in figure 7-76, may be applied to 
multiplying them in a vertical direction, 


Suppose that the bookcase is constructed of 
boards which are 1 inch thick, The top shelf 
is 8 inches high—that is, the upper front edge 
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142.67 
Figure 7-76, — Using diagonals to multiply areas. 


is 9 inches from the top of the bookcase, and 
the lower shelves аге 12 inches high— that is, 
18 inches including the width of one shelf — with 
the lowest 1 inch shelf restingonthe floor, Notice 
that 9 inches is one-fourth of the total height 
of the bookcase, which should make it easy to 
find this dimension. A diagonal may be used 
to create а 36-inch square, as shown in figure 
7-78A, and diagonals may be used to locate 
the top shelf, as shown in figure 7-78В, 





r 





142,69 
Figure 7-77, — Finding the outside dimensions of Figure 7-78. — Locating the shelves of the book- 
a bookcase in perspective. case, 
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142,70 
Figure 7-79.-- Locating the rear edges of the 
shelves, 


If either of the verticals bounding this shelf 
can be easily divided into nine or some con- 
venient unit, such as an eighth of an inch, the 
width of the board can be found for that vertical, 
as shown in figure 7-78C, Since the bottom of the 
front edge of the second shelf is one-half the 
remaining distance, this dimension may be located 
by using dividers, The width for the horizontal 
shelf boards may be easily estimated. (See 
fig. 7-78D.) 

Next work out the rear edge of each shelf, 
starting by finding the front edge of the back- 
board, This will be one inch from the rear edge 
of the bookcase itself. The measurement may 
be approximated, Mark a point one inch from 
the back of the bookcase on each of the lines, 
From these points, draw lines toward the right 
vanishing point to define the rear edges, (See 
fig. 7-79.) 





142,233 
Figure 7-80. — Dividing diagonal areas. 


To define the inside edges of the shelves at 
the right side of the bookcase, draw lines toward 
the left vanishing point from the points where 
the top edges of the front of the shelves meet 
the right side of the bookcase, Where these 
two sets of lines intersect, erect a vertical. 

It is sometimes necessary to divide an area 
or a diagonal into a number of parts. The key 
to most division of space in perspective is the 
vertical or horizontal line parallel to the picture 
plane. For example, to divide a receding plane 
into square units, divide the left vertical in 
figure 7-80 into equal parts of desired measure- 
ment with a ruler, such as the seven parts 
shown. Run lines from the points of division 
on the vertical line out to the vanishing point. 
Draw a diagonal from corner to corner as 
shown, and the intersections of the diagonal 
and the vanishing horizontal lines are the cor- 
rect points for the vertical lines to be added, 


Figure 7-81 shows the correct method of 
dividing a rectangular area into uniform rec- 
tangular patters, such as floor tiles, The width 
of the square is first measured on a horizontal 
line (А). Two vanishing points are established 
and lines are run first from the divided horizontal 
line to the left vanishing point, then the depth is 
established by running line (B) to the right 
vanishing point, A diagonal line is run from 
point (1) to point (2), Where the diagonal inter- 
sects those lines running to the left vanishing 
point are the correct points for the receding 
lines running to the right vanishing point. 


When the problem consists of finding equal 
division points of a plane in perspective, such 
as a line of telephone poles along a roador 
equally spaced divisions on a wall or a floor, 
and the spacing of these points is known, the 
problem may be solved as shown in figure 
7-82, Since the points are parallel on the object, 
they will have a common vanishing point. If 
the plan view is used, the points may be pro- 
jected to the picture plane in that view as 
shown, Then they are projected to the picture 
plane in the perspective view, and lines are 
drawn toward the vanishing point, 


Figure 7-83 shows another method used to 
draw vertical divisions in perspective, be they 
fence posts, telephone poles, or any object with 
even space between each member, The first 
two members are constructed with the desired 
space between them, Locating а vanishing 
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point is accomplished by drawing lines (A) and 
(B) from the original two members, At no 
time should any of the posts extend above or 
below the receding lines, The center of the 
first member is marked and line (C) is drawn 
from the vanishing point through the mark, 

From the top of the first member draw line 
(D through the center of the second member, 
The third member will be located where line 
(D) touches line (B). Repeat this procedure to 
locate any number of members desired, doing 
one at a time, 


Reflections and Shadows in Perspective 


To create realistic perspective drawings you 
may wish to construct an object's reflection or 


142,234 
Figure 7-81.— Dividing rectangular area, 


Reflections occur, for instance, when you are 
viewing an object that is on or near water, In 
figure 7-84 a building has been drawn with its 
reflection, Notice that its reflection is not a 
reverse of the scene, but that it's a view seen 
as if you were in the water looking up. In the 
reflected view you see the underside of the 
buildings overhang. 


When you construct reflections, the station 
point and eye level will be the same as the ones 
used to draw the object. Horizontal widths re- 
main the same also and may be projected ver- 
tically downward thus defining the width of the 
reflection, Vertical height is the only remaining 
dimension to be considered, To find vertical 
heights, revolve the object about the reflecting 
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142,372 
Figure 7-82, — Horizontal points that are equally spaced. 
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142.235 
Figure 7-83. — Drawing vertical divisions in perspective. 
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142,873 
Figure 7-84, — Reflection. 





142,243 
Figure 7-85. — Reflections in perspective. 
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Figure 7-86. — Shadows in perspective. 


surface. The object will reflect as far below 
a reflecting surface as it projects above it, 

When the object being reflected is close 
to eye level, the reflection is nearly a duplicate; 
this is not so when the object is well below the 
eye level. (See fig. 7-85.) 

To give the appearance or effect of being 
real, add shadows to perspective projections. 
(See fig. 7-86. To draw shadows you must 
establish two points, a light source and a shadow 
VP. To establish a light source place a point 
on your drawing, either on or off the paper, 
at a simulated spot and direction in which a 
real light like the sun or an artificial light 
might be located, To locate the shadow's vanish- 
ing point construct a vertical line from the 
source to the horizon or eye level line, 

Lines from the established source are drawn 
to the corners of the object and are continued 
until they contact the surface of the plane on 


which the object is resting. Draw lines from 
the shadows vanishing point, to intersect lines 
that where drawn from the light source, along 
the. ground plane line. Notice shadows follow 
the contour of the plane or object on which 
they fall. 


Compound Forms 


Most objects consist of compound forms: the 
combination of different sized cubes, rectangles 
and ellipses, Using the methods of construction 
already covered, you need only reduce the com- 
pound forms down to their basic simple forms 
and construct the drawing one step at a time. 
Figure 7-87 shows how complex designs of com- 
pound forms are reduced and, using what has 
been presented, are laid out in a drawing. 
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142.240 
Figure 7-87, — Compound forms in perspective. 





142.229 
Figure 7-88. — Three-point perspective. 
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THREE-POINT PERSPECTIVE 


Three-point perspective occurs when none 
of the object’s surfaces (height, width, and 
depth) are parallel to the picture plane (see fig. 
7-88), Three-point is usually needed when the 
station point is close to a large object, such as 
when you are looking up at a nearby ship or 
tall building. The horizon in this case is usually 
very low, or entirely below the object. If you 
were looking down from above, the horizon 
may not appear in the view at all, 

When constructing this type of perspective, 
the DM may use his artistic ability to place 


the vanishing points, particularly the VP for 
the vertical lines. A good rule to follow says 
that small objects will usually look better if 
the three vanishing points are well separated, 
However, to emphasize the bigness of an object, 
sharp diagonal lines are important. Here the 
closeness of the vanishing points strengthens 
the bigness effect. 


Horizontal diagonal lines must end at the 
eye level line, One line cannot be higher or 
lower than the other, Regardless of their dis- 
tance apart, they must be established onthe same 
eye level. 
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CHAPTER 8 
BASIC MEDIUMS 


As an Illustrator Draftsman, you will often 
use the illustrator's basic mediums to prepare art 
work, This chapter contains information relating 
to the characteristics of the four basic mediums, 
pencil, ink, wash, and opaque, plus practice 
exercises that will enable you to illustrate by 
using these mediums, Proficiency in the use of 
these mediums will not result from merely read- 
ing this chapter. To become proficient will re- 
quire practice. 


PENCIL 


The pencil is the most valuable tool you will 
ever use as an Illustrator Draftsman, Regardless 
of what medium your drawings will be done 
in, you will do the planning with a pencil. The 
pencil is the most versatile of all drawing tools; 
you can create a range of values from the 
subtlest gray to the richest black, and create 
the thickest and thinnest lines, In addition, when 
you want to make a change to the preliminary 
drawing, the pencil lines can be erased, 


HANDLING THE PENCIL 


When you are planning a picture, you must 
put your thoughts down on paper. Small rough 
Sketches done as easily as quickly as possible 
are best, The pencil is a thinking tool. With 
it you can speedily indicate the many ideas 
racing through your mind and then use com- 
binations of these rough sketches to design 
your final picture, This way you can speedily 
create many different effects in a short amount 
of time, 

Figure 8-1 shows how a final picture was 
created from several ideas roughed out in quick 
Sketches. 


Pencil Selection 


Chapter 3 introduced the pencil. As you have 
Seen, you may choose many types and grades of 


pencils, Graphite pencils, which are the most 
common, are usually mastered first, However, 
do not overlook all the other types of pencils, 
practice with them also, 


For precision drafting and plotting, the 
graphite pencils in the H to 9H group are useful, 
However, for free-hand drawing presented inthis 
chapter, the graphite pencils in the HB to 6B 
range should be used. 


Pressure applied to the pencil will vary the 
tone that it produces. Thus, you may find your- 
self able to do a quick drawing using only one 
pencil, For finished work, you will probably 
want three or more grades to increase your 
tone range. Ав an example, you may choose а 
Е or HB for the light tone, а B or 2B for the 
medium tone, and a 4B or 5B for the darkest 
tone, (See figure 8-2.) 


Sharpening 


Pencils in the soft group are naturally brittle. 
Therefore, they break easily as well as wear down 
quickly. Thus they require more frequent sharpen- 
ing than the harder grades, 


When sharpening the pencil, you may use a 
simple razor or knife to cut away the wood, or 
a regular pencil sharpener, If available, а 
"Draftsman's'! pencil sharpener may be pre- 
ferred because this type of sharpener cuts away 
the wood without cutting the lead, Because you 
will have to sharpen these softer pencils more 
often, the choice of sharpener will probably be 
one of convenience, That is, whether a ''Drafts- 
man's'' pencil sharpener or another type of 
sharpener is handy at the time, 


The point of a pencil sharpened on a regular 
pencil sharpener will of course be pointed, This 
type of point is all right to use for drawing thin 
lines, However, if you wish a wider line 
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Figure 8-1. — Creating a picture from rough sketches. 
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142,134 


the pencil should be sharpened іп one of the 
other manners and then pointed on a sand- 
paper pad, A sandpaper pad should be kept by 
your drawing table, These pads come with the 
sheets of sandpaper lightly glued together at the 
edges, They are then attached to a small wooden 
paddle, (See figure 8-3.) Remember, while using 
this pad keep your hands free of graphite residue, 


If this is not possible, clean your hands after 
each use, 


If you use a razor, knife, or ''Draftsman’s'"' 
pencil sharpener you will have to reshape the 
lead on the sandpaper pad. To shape the lead to 
a conical point, rotate the pencil as you rub the 
tip on the pad, This keeps the abrasive action 
of the pad even on all sides of the lead (figure 


8-4) and prevents the formation of a tip distorted 
in shape, 


Another device used to shape lead to aconical 
point is the pencil pointer, This pointer is made 
for draftsmen's mechanical pencils or wooden 
pencils that have been sharpened оп а draftsman's 
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Figure 8-3, — Flat sandpaper pad with wooden 
handle. 29,272 


pencil sharpener. То sharpen the lead one simply 
places the pencil in the pointer and rotates the 
pointers top. 


To sharpen a lead to a chisel point, as was 
done in the chapter on lettering, hold the pencil 
on one side as you rub it on the pad until the 
lead is worn halfway through the tip. Then 
turn it over and sharpen it the same amount 
on the other side, 


When you want to sharpen a lead to ап el- 
liptical point, the lead should be at least three- 
eights of an inch long. Rub the lead on the sand- 
paper pad on one side only, holding the pencil 
at an angle to the pad, (See figure 8-5.) 





MOVE PENCILS 
IN THE DIRECTION 
OF THE ARROW 


Figure 8-4, — Sharpening a lead to a conical point on 
on the sandpaper pad, 29,272 


Holding the Pencil 


Hold your pencil comfortably and naturally. 
Grip the pencil lightly. When drawing light 
lines, press the pencil lightly; when drawing 
heavy lines, apply a little more pressure, 


Figure 8-6 shows two ways of holding the 
pencil. Position #1 is a normal writing position 
and is good when drawing lines that must be 
carefully controlled and precise. Position #2 
is good when working freely, such as when 
outlining or shading. Use free flowing arm 
or wrist action with this position, Depending 
on the angle the pencil is held, either the point 
or side of the lead may be used. 


HOLD AT AN 
ANGLE. HOWEVER 
DON'T ROTATE 


X 





29.272 


Figure 8-5, — Sharpening a lead to either an eliptical point (A) or chisel point (B) on the sandpaper pad. 
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142.132 
Figure 8-6. — Two ways of holding the pencil. 


Figure 8-9, — Pick out highlights with kneaded 
eraser, 142,354 


Paper Selection 


Paper surfaces for pencil mediums should 
have a somewhat rough texture (tooth) to them. 
Although it is possible to use pencils on most 
any surface, such as a smooth glazed paper, 
the pencil will give off its graphite much more 
easily to the rougher surface, 





Blending 
142,352 

Figure 8-7.-- Pencil on tooth paper. Because of the high and low tooth char- 
acteristics of the paper, surface graphite collects 
on the higher portions or the higher ridges, 
Figure 8-7 shows an exaggerated example of pencil 

on paper. 
To blend the graphite left by your pencil into 
a smooth tone, you may use a stump to force 
the graphite into the lower ridges of the paper. 
(See figure 8-8.) However, the end of your finger 
will accomplish the same thing. But your finger 
soon becomes very messy. As a result, a certain 
degree of precaution must be exercised inorder 
to keep your work neat and free from smudges. 


Erasing 


Changes may be made to pencil drawings 
without damaging the paper's surface, Of the 
erasers introduced in chapter 3, those most 
used by the DM for drawings done in pencil 
are the: 





1. Kneaded eraser - which is excellent for 
142,325 bringing out hightlights, and removing smudges, 
Figure 8-8, — Smudging pencil with paper stump. (See figure 8-9.) 
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142,133 


Figure 8-10. — Various movements possible with the pencil, 


2, Art gum eraser - Also excellent for re- 
moving smudges and erasing light pencil lines, 

3, Soft abrasive rubber eraser, or plastic 
erasers - which may be used to erase lines 
made with heavy pressure, 


Erasing must be done slowly and carefully, 
using a gentle circular motion, Eraser particles 
from either the art gum eraser or the soft 
erasers should be removed from the drawing 
surface with a small CLEAN desk brush. 


Exercises 


Practice creating a variety of effects with the 
pencil, Figure 8-10 shows a small portion of the 
wide variety of movements possible with the 
pencil. These exercises will help to acquaint 
you thoroughly with the range of possibilities 
of this versatile tool. 


Figure 8-11 shows how a typical pencil 
illustration may be developed using different 
pencils. 


INK 


Drawings made with pen and brush are classi- 
fied as line drawings, With line drawings there are 
no grays, only solid black lines or black areas, 
Gray tones are made by drawing many black 
lines close together. As the lines are drawn 
closer together, the gray area will appear darker. 


An ink drawing is capable of being reproduced 
more inexpensively than any other type of drawing. 
Therefore, you willhave many occasions to use the 
ink drawing. Your ability to use ink well will be 
one of your most valuable assets, Another favor- 
able characteristic of ink is that is takes well 
on most types of paper, where the other mediums 
do not. 


MATERIALS 


This section will present the material used 
to produce line drawings in ink, The manner in 
which you use and care for your materials 
will have a direct bearing on the success or 
failure or your work. 


Paper 


Many drawing papers are suitable for ink 
drawings such as: bristol board, detail paper, 
and illustration boards. Of primary importance 
in the selection of your paper is its surface. 
It must accept ink readily, but must not be rough, 
especially if you are using a pen, Tracing paper 
will work fine for ink drawings that contain 
only the outlines of the subject. If too much 
ink is applied, however, tracing paper will tend 
to buckle or wrinkle, 


Pens 


Quill type pens, described briefly in chapter 
3, are used for freehand line drawings, Pens 
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FINISH THE DRAWING BY ADDING THE 
FINAL DETAILS. 
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Figure 8-11.— Steps for developing a pencil illustration. 


are classified according to the thickness of the 
line they form. For example, a broad thick 
line is made with a coarse pen (Hunt 56 or 
Gillott 404). A thinner line is made with a 
medium pen (Hunt 22 ог Gillott 303) and a 
fine line is made with a (Hunt 99 or Gillott 
170) fine реп. А crowquill pen is especially 
good for drawing very fine lines. Some pens 


are flexible, others are stiff. When a pen is 
flexible, a little pressure on it will result 
in a much broader line. 

Many manufacturers make excellent реп 
points. Each of these manufacturers gives his 
pen points a different number. 

There is little difference in which brand you 
use; it is how you use the pen that counts, 
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Use a pen holder that feels comfortable, 
One that is about the same thickness as a 
pencil is preferred by most, A special holder 
is made for the smaller crowquill pen. 

When using a new pen point, dampen it 
on your lips and wipe it dry. This often helps 
the point hold the ink and makes the ink flow 
better. 

Never dip your pen too deep in the ink, 
You may pick up too much ink and it will blot 
and spoil your drawing. Whenever ink begins 
to cake on your pen, wipe it clean with a soft 
rag. You will find it beneficial to wash your 
pen points after using them. 

Do not handicap yourself with defective or 
worn out pen points; replace them. 


Brushes 


Any type of line, from the lightest hairline to 
the widest rough heavy line can be drawn by 
using the brush to apply ink. It is even possible 
to make a drawing with the brush that only 
an expert could tell from pen drawings. More- 
over, a softer paper can be used than that which 
was used with the pen because the brush will 
not pick up the fibers and cause rough lines 
or blots, 

Brush sizes recommended for line drawings 
range from No. 2 through Мо, 5 Remember, 
the larger the brush the more ink it will hold, 
However, a large brush can make a line almost 


as fine as the smallest brush available, Therefore, 
the choice will be a matter of personal preference, 

Before using the brush, always remove excess 
ink by touching it to the lip ofthe ink bottle, Then 
test the brush on a scrap of paper before 
touching the drawing paper. 

Hold the brush in a natural way as you hold 
a pen or pencil, Because the brush is a sen- 
sitive, responsive tool, it should be held lightly. 

Ink is very hard on brushes, Therefore, 
always clean your brush with soap and water 
after each use. 


Ink 


A waterproof black, opaque ink should be 
used because of its reproducible qualities, Apply 
the ink straight from the bottle. If the ink has 
thickened it will not flow properly. If this happens, 
thin it with a few drops of water. However, if 
you thin the ink too much it will look gray and 
will not reproduce well. 


PRACTICE EXERCISES 


A wide variety of lines can be created with 
the реп or brush, These lines can vary from 
a smooth line like the softness ofa hair ribbon, 
to a rough line like the bark of a tree, 

You can create many varied effects with a 
pen point, Figure 8-12 shows just a few of 
the many effects possible. 
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Figure 8-12, — Varied effects with the different pen points, 
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Notice {һе length, width, and direction of 
the strokes and the amount of white Space 
between them. When drawing crosshatched lines, 
you must let the first set dry before you cross 
them with the second set or the intersections 
will become large blobs of ink, 

Moving the flexible 


use is wrong the result may be a large-sized 
blot, 

Figure 8-13 shows Some of the varieties 
of lines and effects Possible with a brush, Again 
varying the pressure creates thick or thin lines, 
Notice some of the lines appear to be broken 
dots or lines, This effect is known as dry brush, 


hair separates into many strands, at this point 
the brush should be ina dry brush condition, 










142,137 
Figure 8-13. — Varieties of lines and effects possible with a brush, 


When using this brush, lightly move it across 
the drawing surface, A coarse paper is best 
Suited for this technique, 


Inking Over Planned Pencil Drawings 


When making line drawings, you can draw 
your picture in pencil directly on the drawing 
paper and then ink over the pencil lines, adding 
texture and tones as needed, After the ink has 
thoroughly dried, erase over the entire drawing 
with an art gum eraser to remove any pencil 
lines and Smudges being careful not to remove 
the ink lines, 

Another method used for developing ink draw- 
ings is to work out your drawing in pencilon 
tracing paper first, This preliminary drawing 
is then transferred to the drawing paper by 
taping the tracing over the drawing and re- 
tracing the lines you want, 

To transfer the drawing, a material similar 
to typewriter carbon paper can be used, ''Sara] 
рарег'! is опе commonly used brand of this 
type of transfer paper. 

A cheaper method of transfer may be used 
Which involves blacking in the image on the 
reverse side of the tracing paper with a soft 


216 





Chapter 8- BASIC MEDIUMS 





DEVELOPE THE DRAWING IN PENCIL ON THE 
PAPER OR ON TRACING PAPER. IF THE TRACING 
PAPER METHOD WAS USED TRANSFER THE IMAGE 
TO THE DRAWING PAPER. 
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WITH A PEN OR BRUSH INK OVER THE PENCIL 
DRAWING ADD THE LIGHT TONES WITH THIN 
LINES OR DOTS. 





WITH A BRUSH OR COARSE PEN ADD THE DARK 


TONES. ERASE ANY REMAINING PENCIL LINES. 
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Figure 8-14, — Steps for developing an ink drawing. 


pencil, This method was described in chapter 
5 for transferring lettering. 

When retracing the image (using eithertrans- 
fer method described) use a 2H or H pencil, 
Be sure you trace over every line you need, If 
you wish, you may use a colored pencil for re- 
tracing. The advantage of a colored pencil is that 
you are able to see where you have previously 
traced, 

Figure 8-14 shows how a typical line drawing 
may be developed. 


Erasing 


Correcting inked mistakes is a сһоге, Era- 
sures that are able to remove ink also damage 


the drawing surface unless great care is taken 
while erasing. After erasing, remove all erasure 
particles from the drawing surface so that they 
will not interfere with further inking operations. 
Opaque white, as we have seen in chapter 5, may 
be used to paint out mistakes, However, ink will 
not readily take over an area that has been 
deleted with opaque white. Therefore, it is 
best to use opaque white to cover mistakes that 
require deletion only. 


WASH 


A wash is defined as a water-color painting. 
Also the word ''wash'' is used when describing 
the pigment that becomes paint when mixed with 
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а vehicle or carrier such ав water. By applying 
a wash to a drawing surface, the DM is able to 
create a picture that has a full range of values 
from solid black to white. 

This particular medium is difficult for the 
beginner since corrections are almost impossible. 
Therefore, the DM must know in advance how 
the wash will react before he touches the brush 
to the paper. To become familiar with wash, one 
must experiment and practice. As one becomes 
more familiar with handling wash, he discovers 
that numerous blending effects are possible 
which are often times impossible to achieve 
with any other medium. 


MATERIALS 


Washes may be either black and white, or 
color. However, in this chapter we shall deal 
only with black and white. Lampblack is the 
preferred pigment for making black and white 
washes; it mixes readily with water and when 
applied to white paper, produces a transparent 
tone, 

The amount of white showing through the 
transparent wash tone will determine the value 
of the area covered, When mixing the pigment, 
add a relatively large amount of water for 
light tones, less water for medium tones, and 
very little water for dark tones, For solid 
blacks, use lampblack directly from the tube 
without water, 

A palette (tray for holding and mixing paint) 
with a number of mixing wells serves well to 
hold your washes, However, if you don't have 
such a palette you can substitute a number of 
different containers which will work as well 
or better, Small containers like baby food jars 
work fine, These jars will hold more wash 
than the palette and may be capped and stored 
overnight or longer. 

There are some specially made water-color 
papers available which will give the best results 
when working with wash drawings, but for a less 
expensive paper and one of reasonably good 
quality you will find that illustration board 
with а cold pressed kid finish or а rough finish 
will be adequate, These types of illustration 
boards are preferred because of their tooth 
characteristics, This characteristic gives the 
board the ability to hold the wash. Also the 
number of plies, (the board's thickness), helps 
prevent the drawing from buckling. 

When making washes, good round sable brushes 
should be used, Number 8 and 5 are preferred 
but one or two larger sized brushes should be 
available for occasional use, When doing large 


flat areas, а flat sable brush 3/8 or 1/2 inches 
wide is recommended, Wide brushes are also 
useful for moistening areas with clean water 
before painting. Instead of a flat brush to moisten 
areas with clean water you may prefer a wad 
of cotton or a natural sponge. More on this 
later. 

A rag to wipe up excess pigment from your 
brush will also be needed. An old piece of 
towelling or a t-shirt will be satisfactory. 

Washes are difficult to control, that is, 
Stopping or starting at a specific line or point, 
For this reason, you will sometimes have to 
protect areas from the wash with masking tech- 
niques, А commercially prepared liquid frisket 
(transparent covering) called ''Maskoid'' works 
well for this purpose especially in small areas, 
Maskoid is painted on the area you wish to 
protect, After the wash is completed, it is easy 
to rub off leaving the area under it undisturbed, 
Other less expensive materials for masking 
may be used such as masking tape and Scotch 
transparent tape. Masking tape is most useful 
for large areas, straight lines, and borders 
where you do not have to follow curved outlines, 
Transparent tape is useful in the picture area 
where you must cut out curved shapes, (Caution: 
exercise care when removing either type of tape 
from the drawing surface. If damage occurs, 
you may have to start all over again.) 

Where masking methods are used, the re- 
sulting edges will be sharp and clear cut, This 
may or may not be desirable depending on the 
subject. 

Water must be at your desk for mixing the 
pigment, preparing the drawing surface, and 
cleaning the brushes. Any type of large jar 
will hold your water supply. Water for pigment 
mixing and drawing surface preparation must 
be kept clean, thus you will need another con- 
tainer of water for cleaning your brushes, А 
brush holder that is designed with a cup that 
holds water is ideal for this purpose. Brush 
cleaning water should be changed frequently, 
бо that you will be able to do a good job. 


WORKING IN WASH 


The first step when working in wash is to 
develop the drawing. As with pen and ink, the 
outlines of the picture are first drawn on the 
illustration board with а pencil in the H to 
2B range. Following initial development, use 
а kneaded eraser to remove any excess lead 
from the drawing surface. 
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The second step is to mix your washes, 
Attempt to mix the correct wash tones, You 
may darken the tone on your drawing by laying 
one wash over another. If you are able to get 
the correct value of light or dark in an area 
with only one wash, the tone will be fresher 
than one that is built up. 


Always mix more wash tone than that which 
you think you will need, Because if you run 
short while you are working, you usually will 
not have enough time to stop and mix more 
wash to match the one you started with before 





|. MASK WORKING AREA. LOAD THE BRUSH 
AND PROCEED WORKING FROM LEFT 
TO RIGHT. 


3. DRY THE BRUSH AND THEN PICK UP THE 
PUDDLE OF WASH LEFT. 


Figure 8-15. — Painting а flat wash, 


drying begins, When this happens, the tone will 
not blend smooth and even on your paper. 


The third step follows the mixing of the 
wash when you should moisten the illustration 
board with clear water, using a wad of cotton, 
natural sponge, or a wide flat sable brush. 
Moistening the paper allows the wash to be 
applied without instant drying; instant drying 
is undesirable because it makes each stroke 
become sharp and distinct. When there is no 
light reflection from the water on the paper's 
surface, it should be dry enough to work on. 






2. WORK THE PUDDLE OF 
WASH DOWN AREA. 
LOADING THE BRUSH 
WHEN NECESSARY. 
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4. REMOVE THE TAPE CAREFULLY. 


142.138(142А) 
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Again moisten the particular area you are 
painting. Only with practice will you learn how 
moist the surface can be in order to create 
different effects. 


Fourth, load the brush. To load the brush, 
dip it into the wash then gently press the brush 
on the side of the wash container so that about 
one or two drops of wash is forced out-or so 
the brush can be brought to the drawing without 
dripping. This should make the brush just about 
right for painting. 


It is a good idea to have a piece of scrap 
illustration board of the same quality as the 
board you are painting to test the tone of your 
wash, and also to see how your brush and wash 
will react to the board before applying it to 
the painting. 

If the wash area dries before you can cover 
it thoroughly, repeated applications will cause 
streaks and sharp edges. Therefore, you should 
use a brush that is large enough to enable you 
to complete at least one stroke before it needs 
reloading. The less you pause to reload, the 
better your chances are of creating an even 
wash, Finally, apply the wash. Start applying 
the wash from the upper left-hand corner, work- 
ing from left to right across the drawing. As you 
reach the end of your first stroke, a puddle of 
wash will remain at the bottom of the first 
stroke. Load the brush again, if necessary, 
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I. START WITH |2.РІСКОРА 3.END UP WITH 
CLEAN WATER DARKER TONE | YOUR DARKEST 
AND THEN ADD AS YOU PRO- TONE THEN 
YOUR LIGHTER GRESS DOWN-| REMOVE THE 
TONE. WARD. PUDDLE. 


and work this time from right to left, over- 
lapping the first stroke and keeping the puddle 
of wash wet. In this manner, work the puddle 
of wash down the working area until the entire 
wash is applied, When you are finished a small 
puddle of wash should be left, You will have 
to remove this from the drawing, Dry your 
brush on the rag and soak up the puddle with 
the dry brush, (See figure 8-15.) 

For ease of control over the wash, the 
drawing board should be tilted at an approximate 
angle of from 25° to 35°, With the drawing 
board at this angle, the wash should flow gradually 
toward the bottom of the paper as you maneuver 
it along with your brush. 

Do not tape the drawing to the board, If you 
are able to move it about freely, you can turn 
it to the most advantageous direction for you to 
work, 


PRACTICE EXERCISES 


Practice with the wash medium painting a 
flat wash, graded wash, indefinite blend, and 
dry brush effects. Procedures on how to create 
these blends and effects will be in the follow- 
оп paragraphs of this chapter, Work on cheap 
paper (not illustration board) when you are first 
learning to control a wash, Thus, when mistakes 
do occur, you can throw the paper away and start 
out fresh without wasting too much money. 





REVERSE ORDER 
START WITH DARK 
AND PROGRESS 
TO CLEAR WATER 


142,139 


Figure 8-16, — Painting a graded wash, 
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|. WET WORKING AREA 
WITH A LIGHT WASH 
OR CLEAR WATER 





2. PAINT IN ADARKER 
WASH BEFORE THE 
FIRST WASH DRYS. 





3. RESULTING EFFECT WILL 
BE THE SECOND WASH 
WILL MIX AND RUN WITH 
THE FIRST CREATING AN 
INDEFINITE BLEND EFFECT. 


142.140 


Figure 8-17, — Indefinite blend. 


To create a flat, even wash, follow the pro- 
cedures given for working in wash, step 5, 
(applying the wash), Use the same tone wash 
each time you load the brush, Your results 
will improve with practice. (See fig. 8-15.) 

There are two ways of painting a graded 
wash: from light to dark or from dark to light 
as shown in figure 8-16. When starting, prepare 
your drawing board as you did for the flat wash, 
For a light to dark wash, start with clean water 
at the top left and add a little darker tone as you 
progress downward, Further down, add an even 
darker tone than the first and finish up by re- 
moving the puddle at the bottom. 

For the dark to light tone, prepare your 
рарег as before, Start at the top left with a dark 
tone and work downward, Add touches of alighter 
tone as you progress downward. Near the bottom 
you should be using clean water. Pick up the 
puddle at the bottom as before. 


Indefinite blending creates many interesting 
effects and this technique is especially good for 


Creating soft edges for fleecy clouds, furs, or 
water, 


А в, float clean water ог a wash over the 
Dire area to be painted, Into this wet area, 
Paint one or more dark tones. These will blend 
into the 
blend as shown in figure 8-17. The tone you add 

& wet area should be darker than the final 





wet surface and produce an indefinite 


tone desired because the tone is lightened con- 
siderably as it blends with the wash or water 
already on the board. 

Dry brush effects may also be achieved in 
wash drawings using the same techniques that 
were used in dry brush and шк. You can also 
get broken pattern effects with a brush that is 
not dry. To do so, fill the brush with wash, 
Thenhold the handle so that is is almost lying 
on the drawing surface with the hair lightly 
touching the paper. The wash should only collect 
on the upper portions of the kid drawing surface, 
Move the brush so that it travels in a direction 
from the ferrule to its tip. 


OPAQUE 


As we have seen water-color paintings are 
done in a transparent pigment which is called 
wash, Water-color painting may also be done 
in an opaque water-color medium. Compared 
to the wash, opaques should prove to be easier 
to handle, If an error should occur it can be 
corrected by simple painting over it. Blending, 
however, is not easy with opaques, In this section, 
two methods of blending are given, While ргас- 
ticing these you may discover a way to change 
these methods so that they will work better for 
you. It will be better to use your own methods if 
the end results are better than the examples 
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WHITE 


GREYS 





MIX FOR VALUES IN BETWEEN 


142.141 (142A) 


Figure 8-18, — Arranging opaque paints on a palette, 


that are suggested, Practice is the best way 
to become familiar with this medium, 

Opaque renderings may be either black and 
white or color, However, in this chapter only 
the black and white pigments will be discussed, 
Unlike wash, opaque paints do not allow any of 
the white of the paper to show through. Therefore, 
resulting tones are determined by the value of 
the paint itself and not the amount of water and 
in mixing, as was the case in wash, 


MATERIALS 


Materials that are needed are the same as 
were used with wash. You will need a palette, 
illustration board, sable brushes, a rag, masking 
materials, and two water containers, One ex- 
ception, the pigments used for opaques are 
firmer than those used with washes, Therefore, 
some DM's may prefer to use the ox hair or 
bristle brushes, However, the results achieved 
with the stiffer brushes may prove to be much 
coarser, 

Opaque paints are available in what is called 
retouch grays, which are designed for photo- 
graphic retouching. The retouch grays are pre- 
pared in a series, ranging from white to black, 
with 6 shades of gray between the two extremes, 

Opaque water-colors include gouache, show 
card or poster (tempera), casein, and polymer 
(plastic paint), These opaque paints are better 


in quality than retouch grays, however, they are 
used in color renderings, Therefore, this section 
will deal only with the retouch grays. 

Although opaque grays come prepared, you 
may mix your own if you prefer. To do this, 
simply mix opaque white with varying amounts 
of opaque black or lampblack. 


WORKING IN OPAQUE 


Arrange a series of opaque paints on your 
palette similar to that shown in figure 8-18. 
If you should need an in-between tone that is 
not in your series of grays, simply mix two 
adjacent tones to get the middle tone, This 
middle tone will be used when blending, as 
discussed later in this section. When mixing, 
do not allow the tones to run into each other, 
Additionally, check the tone of each mixture 
by applying it to a piece of scrap paper, allow 
it to dry, and then make the comparison in 
values between what you have and what you 
want, 

Probably the most important factor for suc- 
cessful rendering in opaques is being able to 
mix the paint to the right consistency, Proper 
paint consistency was discussed in chapter 5, 
You may recall, if too much water is added а 
runny transparent mixture will result, This 
heavily watered mixture will not cover the base 
well and will allow the white of the paper to 
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show through. On the other hand, mixture with 
not enough water will be hard to handle and will 
result in a heavy textured covering, Ideally, 
you should be able to mix the paint so that it 
is easy to apply, leaves a smooth covering with 
no build-up or rough texture, and also is opaque 
enough so that anything under it will not be seen, 


PRACTICE EXERCISES 


After arranging your palette, and mixing 
each of your grays to the proper consistency, 
you are ready to proceed. Assuming of course 
that the basic drawing has been prepared and 
transferred to the illustration board. 

On a scrap piece of illustration board prac- 
tice painting an area of 8 by 10 inches or larger 
in a flat tone. Work with a large brush that is 
not overly loaded with paint, Proceed by painting 
in one direction, with each stroke slightly over- 
lapping the other. Try not to create ridges of 
paint as you overlap the strokes, However, if 
ridges should appear, you may work back over 
the wet paint smoothing them out, When you are 
able to paint a flat tone that covers the area 
with an even coat of opaque paint free of ridges, 
you are ready to move to the next step. 

One item to be noted at this point. Unlike 
wash renderings, white areas areusually painted. 
Painting of the white areas is done because of 
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I. РАМТ TWO FLAT 
VALUES OVER- 
LAPPING SLIGHTLY. 


2. МЕТ THE BRUSH AND 
WITH HORIZONTAL 
STROKES MIX THE VALUES 


the blending techniques which require mixing 
of the lighter tones with the darker ones, 

Blending of opaque grays is accomplished 
by mixing the portions of the two values to be 
blended together. Two recommended methods 
are given in this section. The first is called 
wet brush and the second dry brush. The blending 
method used will depend on the subject. Usually, 
wet brush blending is used where soft edges are 
wanted, Dry brush is used when the subject 
calls for a rough textured effect. 


Wet Brush Blending 
Wet brush blending is accomplished after 


the flat tones of a subject have been applied, 
To practice this method select a scrap piece 


. of illustration board and proceed as follows: 


(See figure 8-19.) 


1. Lay both values to be blended on the 
practice board side by side using the same 
procedures described for the flat tone. Where 
the two values meet, overlap them slightly. 


2. Wet your brush in clear water. Starting 
from the top, work your brush back and forth 
over the overlapped values, As your brush 
moves between the values it will mix them to- 
gether forming an in-between value, 





3. SOFTEN THE HORIZONTAL 
BRUSH STROKES WITH 
VERTICAL STROKES. 


TOGETHER ALONG THE 
OVERLAPING EDGE. 


142,142 


Figure 8-19, — Wet brush blending. 
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|. PAINT TWO FLAT VALUES 
OVERLAPPING SLIGHTLY. 








2. PAINT OVER THE EXISTING FLAT VALUES 
WITH A MIXTURE OF PAINT MADE FROM 


MIXING THEM TOGETHER ON THE PALETTE. 
USE A ORY BRUSH TECHNIQUE TO BLEND THE 
VALUES. 


142,143 


Figure 8-20,-- Dry brush blending. 


3. Clean the brush and wet it slightly. Prac- 
tice will show how wet the brush should be, 
With strokes in the opposite direction, soften 
the first brush strokes until they blend softly. 


Care must be taken not to lift the paint as 
you blend and soften the values. 


Dry Brush Blending 


The first step of dry brush blending is similar 
to the wet brush method, The flat tones ofa 
subject are applied to the drawing with one 
slightly overlapping the other, creating a definite 
separating line between them. After this, pro- 
ceed as follows: 


1. Mix a gray tone, on your pallette, half 
way between the values that you have applied 
to the drawing. 

2. With your brush, pick up a small portion 
of the mixed tone. On a scrap piece of board, 
force your brush down until the hairs are separated 
from each other forming many strands of single 
hairs, 

3. Work back and forth over the separating 
line with the tip ends of your brush, laying in 
the in-between tone, (See fig. 8-20.) 


Carry this further and soften the hard lines 
if necessary, as follows: 


4, Wet the brush slightly again forcing the 
hair into many strands, In a wet brush fashion 
work over the previous strokes blending them 
into the values, 


MIXING MEDIUMS 


The four basic mediums just covered may 
be mixed or combined with each other, There- 
fore, for your own convenience do not limit 
yourself to using just one medium where a сот- 
bination of two or more will suit your purpose. 


Wash drawings, for instance, may be com- 
bined successfully with either of the other three 
mediums, Wash, as we have noticed, is excellent 
for large areas that require flat or graded tones. 
To add small detail, а pencil medium such 88 
a pastel may be worked directly over the wash. 
For other detail, such as highlights, opaques 
may be used to paint over the wash. 


A combination used very often is ink and 
is done with 4 


wash, Тһе basic drawing 
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waterproof ink and the larger areas, such as these mediums is what effect one will have оп 

background of sky, may be done in a wash, the other. For instance, pencil or ink lines 

may smear or run if а wash is applied over 

It is not the intent of this discussion to give them. Before you try mixing the mediums on 

all the possibilities for combining the mediums, а finished illustration, practice to see exactly 
What must be kept in mind when combining what the effect will be. 
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СНАРТЕВ 9 
COMPOSITION 


INTRODUCTION 


Drawing an object, whether manmade or 
natural, is not an inborn skill but one that must 
be developed. To draw is more than just to copy 
what you see, The parts of a drawing must 
work together in harmony. To make the parts 
work in harmony, you must select, combine, 
and arrange them so that the drawing, as a 
whole, has the desired effect. The end result 
of selecting, combining, and arranging the parts 
of a drawing to make them work in harmony 
is referred to as composition, Though no ready- 
made rules or formulas exist to help you select, 
combine, and arrange the parts of a drawing, there 
are principles of composition that you can apply. 
In the discussion of these principles that follows, 
you will be given the main elements of picture 
composition, examples of their application, and 
suggestions on how to improve the overall effect 
of a drawing. 


MAIN ELEMENTS OF 
COMPOSING A PICTURE 


This chapter will be devoted.to the following 
elements of composition: basic design, picture 
area, picture depth, balance, line movement, 
tone, unity, and clarity. 


Basic Design 


Though there are many kinds of design, you 
should be concerned mainly with fundamentals 
that you can use in drawing pictures, Design 
and drawing go hand in hand and cannot be 
treated as separate subjects, Think of them 
as one subject because it is impossible to 
draw without a design or to design without 
drawing. In studying and applying the fundamentals 
of design, you will find that symbols, shapes, 
and spacing are important ingredients, The 


next section points out the usefulness of these 
ingredients in design and drawing. 


SYMBOLS, — Design in the form of symbols 
is already familiar to you, Every day you come 
in contact with many different symbols that 
are, by themselves, finished drawings. Some 
symbols are simplified versions of the real 
object; others are conventions having nothing in 
common with the real object but are meaning- 
ful only because of their association with certain 
ideas or slogans, (See figure 9-1.) Other examples 
of familiar symbols include rating badges, flags 
and pennants, insignia of rank, and trademarks, 

Symbols are also useful for suggesting move- 
ment, size, or emotion. Notice in figure 9-2 
how desired effects are produced through a com- 
bination of symbols, 


SHAPES, — Many objects can be identified by 
their shapes, All shapes, except spheres, change 
as the viewpoint changes, In looking at an air- 
craft carrier from a dock, you see a shape 
quite different from the shape an aircraft pilot 
sees in flying over the carrier, Try to imagine 
the many shapes an object may have, then 
choose the one that does the most for your 
drawing. 


SPACING.— As was pointed out earlier in 
this manual, the space between letters is as 
important as the letters themselves. Space also 
plays an important role in picture drawing. 
Not only is space used to separate two objects 
from each other, but it also gives a feeling of 
depth and helps to define shapes. Be sure to use 
your knowledge of perspective in drawing an 
object, Each object must occupy the right amount 
of space and be on the same eye level as other 
objects in the drawing. 


Picture Area 


The picture area is the area within the 
borders. Your first consideration is the size 
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of the picture area; everything will be directly 
affected by its size, At this point, you should 
consider whether the subject will fit a horizontal 
or a vertical format, (See figure 9-3.) 

Try to picture in your mind, the completed pic- 
ture in the picture area, This takes practice 


but you should learn to think in terms of the 
finished product first. Analyze the objects that 





ACTUAL FORM CONVENTION are to go into the picture, Then determine which 
object is the most important so that it may be 
29.53(142А) given the greatest emphasis, thus becoming the 

Figure 9-1. — Symbols, center of interest. 


A helpful aid in determining how the picture 
will look is a мем-Нпаег. To make a view- 
finder cut a small opening in a piece of card- 
board 1 1/2 X 2 inches or one that is proportional 
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142.217 (142A) 
Figure 9-2. — Combination and placement of symbols. 
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142,203 


Figure 9-3. — Picture area, 


to your sheet size. Looking through this hole 
you will be able to see and sketch many arrange- 
ments, Additionally if you have made the view- 
finder on white illustration board you may be 
able to determine tonal relationships of your 
subject. 

Cutting off a picture at its borders is called 
cropping. In cropping, you actually define the 
limits of the picture, This is comparable to 
looking through a camera or view-finder and 
selecting the view you wish to photograph or 
sketch. Ав shown in figure 9-4 some objects 
will be cut by the border. When the border 
overlaps an object, you must be careful to 
show a typical amount of the object so that it 
is identifiable. 


METHODS OF ARRANGING PARTS,—You may 
find it difficult at first to visualize the complete 
composition, One helpful method to overcome 
this difficulty is to make thumbnail sketches 
like those shown in figure 9-5, Make them 
small enough so that you can quickly record 


your ideas without giving much thought to de- 
tail. You may be satisfied with your first efforts. 
However, it is better to make several sketches 
for comparison, Try several arrangements so 
that it will be possible to see the composition's 
good and bad points before actually working on 
the finished illustration, 

A second method to help you overcome the 
difficulty of visualizing the complete composition 
is to draw each object separately to size and 
shade it to approximately the tones desired. 
Now you can cut out each of the separate objects 
and, on another sheet of paper upon which you 
have penciled the borders of your picture area, 
place the separate objects in the positions that 
you feel are best, When you view these objects 
in place, some may appear too large or too 
small or not in harmony with the other parts. 
Redraw the objects that are not in harmony and 
move them about until you find an arrangement 
that appears right to you; one that you feel 
will make a good composition, This precedure 
is shown in figure 9-6. 
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142,206 


Figure 9-4, — Cropping. 


OVERLAPPING. — Look around and observe 
that almost everything you see is partly hidden 
(overlapped) by other objects, Using overlapping 
objects in your -composition helps emphasize 
the center of interest by partially covering 
secondary objects, Additionally, overlapping of 
components aids in the illusion of depth in a 
composition. See figure 9-7. 


SIZE AND LOCATION, — Objects in a drawing 
can be made large or small, depending on their 
importance, Important objects should be made 
larger or clearer than objects of less importance, 
However, never choose an object's size or 
location without first considering the overall 
effect. 


Figure 9-8 shows how the location of a figure 
can influence its importance in the picture 


area, 
Picture Depth 


The illusion of depth in pictures make scenes 
appear realistic. Depth is created in ways that 
give the viewer the impression of a third di- 
mension, As you have seen, this impression 
can be created through overlapping and varying 
the size and location of objects in a drawing. 
Another way to create the illusion of depth is 
by the use of props (objects of known shape) 
that lead the viewer's eye toward the center of 
interest, (See figure 9-9.) All depth illusion 
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Figure 9-5. — Thumbnail sketch, 
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142,201 
Figure 9-6. — Arranging parts іп а drawing. 





142,205 
Figure 9-7. — Overlapping objects, 
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A. FIGURE IN FOREGROUND COMPLETELY OVERWHELMS DISTANT FIGURE. 
B. THOUGH NOT SO GREAT A DISTANCE BETWEEN FIGURES, FIGURE IN FOREGROUND STILL DOMINATES 
PICTURE AREA. 


C. HERE NEITHER FIGURE IS DOMINANT BECAUSE OF DISTANCE, BUT FIGURES THE SAME SIZE SHOULD 
BE USED ONLY IF SITUATION PERMITS, OTHERWISE, THIS ARRANGEMENT COULD BECOME MONOTONOUS. 


142,204 
Figure 9-8, — Variations of subject size. 
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CREATING DEPTH BY USING THE RECEDING TABLE AND OVERHEAD 
LINE. THE LINE OF THE RIFLE AND BAYONET LEAD TO CENTER FIGURE. 


142,207 
Figure 9-9, — Picture depth, depth by use of props. 
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techniques used in the same picture should 
complement each other to form an interesting 
and appealing composition. 

Unless there is some special reason for 
doing so, never place objects in a line or row, 
crowd them into half or a quarter of the picture 
area, or regularly arrange different illustrations 
in the same design, You should place the objects 
in varied and interesting patterns, 

Interest is often increased by selecting a 
view other than the one with which you originally 
started. Don't be satisfied with an ordinary 
composition, Guard against the tendency to re- 
peat the same basic arrangements in all of your 
pictures; try to create something original with 





A. FORMAL BALANCE 





B. INFORMAL BALANCE 


Figure 9-10,— Examples of formal and informal 
balance, 142,213 


each assignment, Think and experiment; move 
the objects around until you arrive at new, 
different, and interesting effects. 


Balance 


Balance is the element of composition that 
concerns the placement of the various objects 
in the picture area so that the composition will 
appear to be fairly symmetrical, There are 
two classifications for balance which are com- 
monly referred to as formal and informal, 
(See figure 9-10.) 


FORMAL BALANCE — may be used when the 
subject matter calls for dignity of arrangement, 
For an example of the use of formal balance 
in a poster, see figure 9-11. 

Formal balance is obtained by placing each 
object so that it is symmetric about a vertical 
centerline, Each side of the vertical line should 
appear to duplicate the other side with respect 
to masses, shapes, and color. This does not 
mean that each side must be an exact duplicate, 
However, there should be an equalization of 
areas, 


WH. RENDER ASSISTANCE 
+ FURNISH INFORMATION 
- MAINTAIN ORDER 


e DIRECT TRAFFIC —— 
e PROVIDE SECURITY | 





142,212 
Figure 9-11. — Formal balance, 
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You may divide any rectangular shape into 
equal areas as follows: (1) construct diagonal 
lines between corners as shown in figure 9-12, 
The center of the rectangle will be located at 
the point in which the diagonals cross each 
other, (2) Draw horizontal and vertical lines 
through the center. The area of the rectangle 
is now divided into four equal parts. 

When an object is placed at the exact center 
as it is in figure 9-13a, it does not appear 
to be as well balanced as one placed slightly 
above the center as shown in figure 13-b, The 
latter position is known as the optical center. 

Notice that an equally divided rectangle pro- 
duces a static composition without movement 
and cannot hold the interest of the observer 
very long. Therefore, a formal composition 
should be simple so that the viewer can grasp 
156 message before he loses interest, 


INFORMAL BALANCE —is the balancing 
of the parts over an imaginary central vertical, 
but іп an unsymmetrical manner, The left side 
of the picture area should still balance the 
right side and the bottom half of the picture 
area should still balance the top half. 

For example, a large or heavy mass placed 
on one side of center may be balanced bya 
small one placed further away from center on 
the other side. Do you recall when you were 
а youngster and played on the teeter-totter? 
It is likely that you teetered with another per- 
Son who was much heavier than you. You did 
it, but how was it done? The heavier person 
simply moved closer to the fulcrum (the point 
on which the board rested). The same principle 
applies in the case of the heavier mass on one 
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142,355 
Figure 9-12. — Equal division. 
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Figure 9-13. — Optical center. 


LL 


side and the lighter or smaller mass on the 
other, An easy rule to remember — ''The heavier 
the mass or weight the nearer it should be 
placed to the center of the picture," 


Informal balance permits greater variety 
in composition than formal balance, When using 
informal balance, you must depend to a great 
extent on your own sense of balance since no 
mathematical rules apply, The more objects 
there are to be arranged in an informal com- 
position the more complex balance becomes. 
The composition must be balanced for shapes, 
masses, and color. Unless large in area, color 
should not appear in one part of the drawing 
without being reflected elsewhere, For instance, 
if all blacks were placed in the upper half 
and all light elements below, the composition 
will appear separated into two unrelated parts. 


In informal balance, a small dark element 
can be used to balance a large light element, 
Examples of this kind of balance are shown 
in figure 9-14. 


You сап divide a rectangular picture area 
into pleasing ratios or proportions for informal 
balance as follows: (1) Construct a diagonal 
line between corners of the rectangle. (2) Draw 
a horizontal (or a vertical) line at a random 


233 


ILLUSTRATOR DRAFTSMAN 3 6 2 








Figure 9-14. — Small dark against large light 


element, 142,214,1 


location that will cross the diagonal at a point 
other than at the center of the rectangle, as 
shown in figure 9-15. (3) Draw a second line 
perpendicular to the horizontal or vertical line 
already drawn through the point at which the 
diagonal and the first horizontal or vertical 
line cross each other. 

This division will result in four areas that 
are pleasingly proportioned to each other, If 


further subdivisions are desired they may be 
divided in the same manner, Construct the 
composition with the point of intersection serv- 
ing as the center of interest for the illustration, 


Line Movement 


The term line is used here to mean the 
direction in which the viewer's eye moves as he 
looks at a picture. Create this directional line 
by arranging the objects so that the shapes of 
the main lines will lead the viewer's eye to the 
center of interest, Directional lines may move 
along quite smoothly and rhythmically from 
one object to another, grouping and relating 
objects which belong together, or the movement 
may be abrupt, creating lines that clash, This 
latter method is appropriate when drawing a 
scene of violence or conflict, Directional lines 
may be strong or subtle, but they should always 
lead the viewer so that he will see the things 
you want him to see, Figure 9-16 illustrates the 
use of directional lines, 

Make it a point to study the line directions 
in your rough sketch. Decide whether or not 
your main lines lead the viewer to the proper 
portion of the picture area. Ask yourself "Оо 
the background lines interfere with the directional 
lines leading to the center of interest?'' and 
"Are the lines crowded together or, equally 
undesirable, spaced at monotonous equal inter- 
vals?'' Questions like these will help you to 
get the most out of the lines in your pictures, 





142.208(142A) 
Figure 9-15. — Unequal division, 
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SUBTLE AND DELEGATE 


142,208 
Figure 9-10.-- Directional lines, 
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ТОМЕ 


Топе- the measure of lightness or darkness 
of a color—can either help or hinder a viewer 
to focus on the center of interest. An object 
becomes more conspicuous when placed next 
to another of contrasting tone. If, on the other 
hand, the object is surrounded by one whose 
tone is nearly the same, neither object will 
attract attention. 

Determine the basic tones of your objects 
by examining each for how light or dark it is 
in relation to other objects. Think of an object 
as having no detail or being like a silhouette, 
As you look at the object, squint your eyesso 
that most of your view is blocked, In this way 
you will eliminate the detail and see only its 
tone. Then draw small tone sketches (thumb- 
nail sketches will little or no detail) These 


sketches enable you to quickly see the com- 
position in terms of related tones. 

Before you start drawing, you should decide 
on one of the following tone patterns. (1) light 
against dark, (2) dark against light, (3) dark 
and halftone against light, and (4) light anddark 
against halftone, Examples of the four basic 
tone patterns are shown in figure 9-17. 


UNITY 


Unity is the combining of parts into an 
organized pattern which tends to bind them 
into a meaningful whole. In composition, always 
remember that ''the whole is more important 
than any of its parts.'" Without unity a drawing 
appears to be falling apart and produces а 
disturbing effect, However, it is possible to 
group the parts in an irregular manner to 
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142,209 


Figure 9-17. — Tone patterns, 
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provide interest and variety. To do so, allow 
more white space around the outside edges of 
an arranged parts group than between each 
individual part. This white border will bring 
the various parts together; it has the same effect 
as a frame, 


Figure 9-18a is disorganized and seems to be 
falling apart due to the great amount of white 
space between its parts. Figure 9-18b with less 
white space between parts is better constructed 
andhas a more unified effect. 


Yes, it should be noted that crowding is as 
great a fault as having too much separation; 
the unity achieved depends greatly upon your 
sense of proportion. 


CLARITY 


Clarity defines parts and guards against 
blending the parts to the extent that they con- 
fuse the viewer. Clarity is rather easily achieved 
by making lettering legible and using distinct 
shapes, If you choose to letter a message directly 
оп an illustration, the lettering and the illustration 
Should be in contrasting tones, If the tones are 


too much alike, such as black and dark gray, 
they will blend together and become illegible 
and confusing, When this happens, a point of 
confusion has been created which distracts the 
viewer from the rest of the illustration, See figure 
9-19, 

Examine every composition for clarity as well 
as for the other elements. Emphasize the center 
of interest by having the detail on each object 
proportional to the importance of that object 
in the composition, 


SHARPENING THE EFFECT 
OF THE PICTURE 


A composition may be well balanced, pleasant, 
and interesting, but the picture may still fall 
short of being effective. This usually a sign 
that the illustrator has not given enough thought 
to sharpening up the picture idea or to how 
he can get his idea across faster, more clearly, 
and with the greatest impact, 


After you have composed a picture, sit back 
and ask yourself the questions, ''Does this 





142.215 
Figure 9-18, — Unity. 
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142.215(142А) 
Figure 9-19. — Clarity. 


arrangement really do what I want it to do?’ The time you spend in thought and in asking 
"What would happen if I made one figure smaller апа answering questions like these is important, 
and the other larger?'!', ''Would the whole idea This type of directed thought often can mean 
be clearer if I moved these figures closer the difference between a picture which is merely 
іореіһег?", апа ''Do I need to show this much pleasantly composed and one which effectively 
background?'!' expresses its meaning. 
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CHAPTER 10 
BASIC FORMS 


All objects have form and are three-di- 
mensional in structure, having height, width, and 
depth, Remember this principle when portraying 
a three-dimensional object on a two-dimensional 
sheet of paper. You must create in the viewer's 
mind the illusion that the drawn objectis real and 
has depth. 

All forms regardless of how complicated they 
may appear to be, can be reduced to one of or 
a combination of the four basic forms: the CUBE, 
the SPHERE, the CYLINDER, and the CONE, See 
figure 10-1. 

In the figures of this chapter you can see 
that every object is not a perfect duplicate of 
a basic form, The cone in one object may not 
have a tip, the cylinder may curve or taper, 
the sphere may resemble an egg more than a 
ball, but you can see the basic form in every one 
of the objects. Reducing an object to its basic 
form makes it easy to draw and also helps in 
laying out correctly. 


FOUR BASIC FORMS 


To draw the forms convincingly, begin by 
constructing them as if they were made of glass, 
You will find that a technique of drawing through 
the objects (both inside and out) will enable you 
to give the objects depth as well as height and 
width, Also this technique will enable you to set 
the objects correctly on the paper, Otherwise, 
you may draw two objects that occupy the same 
Space or you may have a form that is lopsided, 
flat, suspended in midair, or shoved into a hole, 
Drawing through the basic forms is illustrated 
in figure 10-2, 


CUBE 


To construct a shape based on the cube, draw 
the main outlines first as in figure 10-3. Next 
draw within the cube the lines that modify the 
main cubic construction, such as the slant of the 








SPHERE CYLINDER 


CUBE 


142,144 
Figure 10-1.— Four basic forms, 


ФАОВ 


СОВЕ СОМЕ SPHERE CYLINDER 


142.145. 
Figure 10-2. — Drawing through objects. 





142,147 
Figure 10-3, — Forming an object from a cube, 
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turret. Shading (discussed later) is then added to 
emphasize the form, Last, add the details such as 
the observation bubbles and circular base, 


Notice that the same procedure was used to 
draw the basic form of the landing craft shown 
in figure 10-4: (1) Main outlines, (2) modifying 
lines, (3) shading, and (4) details. 


SPHERE 


To construct a sphere, start by drawing a 
circle, Then add shading to suggest its form as 
shown in figure 10-5, 


To help visualize asphere's depth or thickness 
define its form by drawing ellipses, Sometimes the 
sphere is modified as in the case of the cup and 
saucer in figure 10-6, The cup form is halfa 
sphere and the saucer's form is elongated into an 
ellipse. 


CYLINDER 


The torpedo shown in figure 10-7A is basically 
a cylinder, so the cylinder is drawn first, The 
tail of the torpedo is constructed from a cone and 
the nose is constructed as a rounded cylinder, 
Shading and details are then added. 


The submarine infigure 10-7B is also basically 
a cylinder. By constructing the basic form and 
establishing good light and shadow patterns, you 
make the drawing look real, Details, as always, 
are kept for last. 





142.148 
Figure 10-4, — Forming an object from basic form. 





142.146.1(142А) 
Figure 10-5, — Constructing a sphere, 


CONE 


The basic form of the evergreen tree shownin 
figure 10-8A is a cone, In outlining the form, first 
draw a line locating the main stem of the tree, then 
an ellipse defining the base, then lines to connect 
the base with the top of the tree forming a conical 
shape. After shading, add branches for final detail. 





142,146,2 
Figure 10-6, — Sphere cut in two, 
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142.151:.152 / 
Figure 10-7,— А. Forming а cylinder. / 
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The capsule shown in figure 10-8B is соп- 
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Regardless of how complicated objects тау Ae 
seem, they may be reduced to a combination of E “ән 
the four basic forms. То simplify drawing, train E 
yourself to see allobjects intheir simplest forms. 

Select the best possible descriptive view for 
your illustration. After you have decided on the 
view which you feel will make the best illustration, 
start by drawing the general shapes. Establish 
the correct proportions for the larger objects, 
and then for the smaller objects. At this stage 


of the development, think and draw only the 142.149:.150 
Figure 10-8, — А, Forming a сопе. 


! 


ть. 












142.149:.150 
142.151:.152 Figure 10-8, — B, A cone form with cylindrical 
Figure 10-7.— В, Design formed from cylinder, shapes added, 
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overall general shape. When you аге convinced 
that the view you have selected is best, and 
you have a very rough outline with the larger 
objects drawn proportionately correct, you should 
reduce all of the components to their basic 
forms, Remember to draw through the forms 
to establish a convincing likeness of the object. 
Try to keep your drawings simple and free of 
unnecessary lines when laying them out, 

You will then add the shading to emphasize 
forms and strengthen the appearance of the 
three-dimensional forms. When you have reached 
this point, you are ready to add detail. You 
should overcome the tendency to add details 
immediately, and save them for the last step. 

The earthmover in figure 10-9 is constructed 
basically from combinations of cubes with some 
cylinders such as the tires and exhaust stack. 

The civil war cannon in figure 10-10 is con- 
structed from a combination of cylinders and 
cubes. The cannon balls are spheres, 

The eagle shown in figure 10-11, which 
appears to be very complicated, can be broken 












down to a combination of cylinders and spheres. 
The head and body consist of spheres and the 
legs and neck of cylinders, Also the leading 
edges of the wings are formed with cylinders, 
The feathers are laid out next, but avoid any 
detail work until the overall design is com- 
plete. 


When constructing your illustrations you may 
choose to use the tracing paper method of 
development (previously described in chapter 
5), or you may draw directly on the drawing 
surface as long as the construction lines are 
very light so that they will not be seen on the 
finished product. A light blue non-photographic 
pencil may be used for artwork that is to be 
photographically reproduced because light blue 
lines will not appear on reproduced copy. 


Every object is different in some respect 
from every other object. The difference, even 
in objects, of like construction, is what makes 


І. DRAW THE GENERAL SHAPES TO 
ESTABLISH CORRECT PROPORTIONS. 


2. DRAW THE BASIC FORMS 


OF THE COMPONENTS. 


3. ADD LIGHT, SHADOW, AND DETAILS 
AS THE LAST STEP. 


142.153(142А) 


Figure 10-9. — Design formed by combining cubes and cylinders, 
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|. ESTABLISH CORRECT PROPORTIONS. 





2. DRAW THE BASIC FORM. 





3. ADD SHADING AND DETAIL. 





142.154(142А) 
Figure 10-10. — Design formed by combining cylinders and cubes, 


them interesting, and enables you to separate USES OF LIGHT, SHADE, 


and identify them. AND SHADOW 
As a DM, it is your job to train yourself 


to observe these differences so that you can Light, shade, and shadow are used to reveal 
use them in a picture, You should become апа emphasize the form of objects in an il- 
Interested in the great variety of forms to  lustration, As you have seen the basic drawing 
recognize those differences which make every is constructed first; the shading is then added 
form unique, to make the drawing more convincing. Shading, 
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Figure 10-11. — Complicated form reduced to 
basic forms. 142,155 


however, will not improve a poorly constructed 
form, Therefore, evaluate your basic drawing 
carefully before proceeding with the shading, 
To shade an object correctly you must be able 
to see and understand the effects of light, shade, 
and shadow on form. Basically the edges of 
light and dark areas follow the contour of the 
surface or planes of an object, thus defining 
its form as you can see in figure 10-12, 


а 


TONE AND VALUE 


You use the terms, tone and value, when 
speaking of a scale graduated from light to 
dark. Tone is an object's natural color as 
compared to its surroundings or to a graduated 
scale of values. Value is the lightness or dark- 
ness of this tone when it is illuminated by 
light. For example, imagine a green typewriter. 
When describing its color, you might вау it 
is light green. Light green is called the local 
tone and may be located somewhere on a scale 
between the lightest and darkest green, How- 
ever, many factors change the appearance of 
an object's local tone, the most important being 
light. Light showing on the typewriter changes 
its tone into areas of light and shade, called 
tonal values, Thus you might say the typewriter 
has a light tone of many values, 

To illustrate an object so that it will appear 
realistic to a viewer tonal values are used 
instead of local tones, If you were to draw an 
object using only its local tone such as the 
cube shown in figure 10-13A it would appear 
to be flat and without form. Therefore, to show 
an object with the illusion of having form you 





142,156 


Figure 10-12. — Form emphasized by use of light and shade, 
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142.356 
Figure 10-13. — Local tone and tonal values. 


must be able to see and draw the variations of 
the object's values as shown in figure 10-13B. 

Tone is the main item that separates an 
object from its surroundings. You must consider 
an object's tone, that is, how light or dark its 
color is in relation to the colors of other things 
nearby. In illustrating, you then have the license 
to interpret the tones of the object and its sur- 
roundngs to fit one of the four tone patterns 
shown in chapter 9. 

Value emphasizes an object's form. Look at 
an object closely and observe how light affects 
it, Pick out an object in your surroundings, and 
observe the lighting effects on it. Looking at a 
gray chair, for instance, you see many variations 
of gray because of its form and the light striking 
it. Chairs are not flat, therefore, as light strikes 
them areas of light, shade, and shadow are ap- 
parent, Areas that are being struck by direct 
rays of light may appear to be reflecting the 
light and may eliminate the local color entirely. 
These areas are called the highlights. Areas 
that receive no direct light may appear close 
to the local color and are known as halftones. 
Areas that are in the shadows or that have a 
Shadown cast over them may appear darker 
than the local tone. 


Using Tones And Values 


There аге no lines aroundnatural forms, lines 
are made by man. Therefore, to illustrate con- 
Vincingly, areas of the objects should be shown 
in tonal values, Reducing objects to value areas 
and portraying them on a two-dimensional drawing 
surface can be accomplished with any ofthe basic 


mediums. Opaques, water colors, and pencils 
are mediums used to produce different values. 
Ink, on the other hand, produces only black and 
white; however, by varying the weight of ink 
lines and the space between them, you can create 
an illusion of value. Using value areas instead 
of lines around a form will not be practical 
in every Situation; there may be times when 
you will combine line and value areas, You will 
have to decide on the best method of portraying 
your object in each case. (See fig. 10-14.) 


In distinguishing the different areas, it may 
be helpful to look at the object with your eyes 
partly closed. Doing so will eliminate unnecessary 
detail while enabling you to concentrate on the 
differences in values. See figure 10-15. 


Nature's values are unlimited; that is, colors 
have a full range from light to dark. The DM, on 
the other hand, is limited in values by his 
medium. Although it is possible to produce many 





OPAQUE WATER COLOR 





Figure 10-14.— Values made with the basic 


mediums, 142,357 
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142.358 


Figure 10-15, — Seeing value areas. 


values, nature has no equal. Therefore, the DM 
must be an interpreter able to simplify nature's 
many values, 

To help you interpret nature's values, arrange 
a set or scale of values with your medium ona 
practice strip of paper (figure 10-16), By com- 
paring this scale of values to the natural values 
of the subject, you should be able to choose the 
correct relationships for your subject. Through 
work and practice you may ultimately be able 
to compare values without the aid of the scale. 

Separation between value areas will depend 
on the intensity of the light source (fig. 10-17). 
Bright light, such as sunlight, usually produces 
well-defined value separations. To illustrate a 
subject in bright light, use well-defined edges 
between the different areas. Soft light, such as 
indoor lighting, has the opposite effect. To il- 
lustrate a subject in soft light, blend the edges 
between value areas. Though light, shade, апа 
shadown areas still exist when the source of light 
is dull, they will be hard to distinguish. 

Objects naturally cast shadows when they stop 
the flow of light. These shadows follow the con- 
tours of the planes on which they fall, thus 
emphasizing their form. Review chapter 6 for 
the method used in constructing shadows. 

Besides light, other influences on an object's 
tone are shape and surface texture. Flat-sided 
objects, for instance, have relatively flat values 
on each plane. Round objects, on the other hand, 
have numerous values ranging from dark to 


light. Smooth shiny surfaces are usually shown 
with values that are separated to extremes while 
dull rough surfaces are not. 


Reflections 


Light from surrounding surfaces is reflected 
back onto an object. Therefore, reflected light 
in some instances modifies the shadow areas, 
giving them a graded tone. Since this reflected 
light often increases the effect of form, be 
sure to consider it when shading your illustratioas 
(fig. 10-18), 


To demonstrate to yourself the effects of this 
reflected light, hold a sheet of illustration board 
in a manner that will catch a bright light source 
(such as from a window). Then observe what 
effect the reflected light has oa objects as you 
hold them in front of the illustration board, 


Also consider reflections of images when 
rendereing shiny or polished surfaces. Some 
objects like water, desk tops, floors, metal 
objects, and others act like mirrors in catching 
images of surroundings. (The method of drawing 
reflections was given in chapter 6 of this manual.) 
When rendering these objects, indicate th» most 
prominent of the reflections but do not confuse 
your illustrations with too much detail. Often 
reflections of objects will be distorted, depending 
on the texture of the reflecting surface. 
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Figure 10-17, — Light 
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142.361 
Figure 10-18. — Reflected light. 


MIDDLE 


LOW 





ARRANGING THE LIGHT 
SOURCE 


Appearances vary because of the  light's 
direction, You should arrange to have the light 
source come from the direction which emphasizes 
form best. Therefore, before composing your 
subjects, try moving the light source while noting 
the effects of light and shadow. Light falling 
diagonall on your subject from above and to 
one side of the picture area is the most natural 
form of illumination. Most subjects are seen 
under the condition in which shadows are cast 
off to one side creating the greatest apparent 
depth and roundness іп а subject. However, 
side lighting is most effective in showing tex- 
ture. To eliminate any confusing edges and 
shadows, use only a single light source rather 
than several. 


Key 


You will notice in figure 10-19 that the cubes 
on the left of the value scale have been rendered 





142.362 


Figure 10-19. — Key. 
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using only a segment of the value scale. The 
relationship of values has remained the same 
for each cube; only the position on the scale 
has changed. This position is known as the il- 
lustration's ''KEY'', The key actually helps set 
the overall mood. For instance, a high key il- 
lustration might suggest a gay happy mood while 
low key might suggest mysteriousness or sad- 
ness, An illustration using the full key or the 
entire range of white to black is usually used 
when strong contrasts are needed to make the 
object more conspicuous, 


FORM IN SPACE 


You have now learned the four basic forms 
and have been shown how, by reducing your 
subjects to their basic forms or combination 
of the basic forms, you can draw subjects on 
paper. You have also seem that with careful 
shading you can make the subjects real and 
convincing. Now take the basic forms and put 
them together іп а single drawing. A good 


foundation of perspective drawing is a necessity 
for convincingly showing form in space. A review 
of chapter 6 which includes perspective will 
be helpful at this point. 


ARRANGING FORMS IN SPACE 


The arrangement of forms in space, the use 
of perspective, and space itself contribute greatly 
to the impact of a picture. Although many objects 
and details go into a picture, first establish 
the basic forms and their setting before paying 
attention to details. Figure 10-20 illustrates the 
steps for a well-constructed picture. First, the 
illustrator considered the best possible point 
of view. Second, he drew the general shapes 
in perspective and reduced them to their basic 
forms. Third, he added shading to emphasize 
the forms. Last, he inserted details. 

Since each of the forms occupies space and 
there is space around each of the forms, draw- 
ing through each of the objects will help to 
correctly place them in a drawing so that each 
occupies only its own space and does not take 
up the space of any forms near it. 





142.165 


Figure 10-20. — Arranging form in space. 
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Remember that space existsin all directions 
and many objects, although solid in construction, 
hold other objects within themselves as shown 
in figure 10-21. Each object within or on top 
of the bookcase takes up a definite amount of 
space. To draw the entire form correctly and 
convincingly, you must allow space for each 
object and construct each of the many components 
by the drawing-through method. 


FORM FROM DIFFERENT EYE 
LEVELS 


Different eye levels change the appearance 
of the objects. In looking at the profile оға 
missile, you might see a cylinder topped with 
a cone as in figure 10-22A or two cones end 
to end as in figure 10-22В, You will find that 
anytime the view of a cylinder is changed to 
a great degree, it will assume the appearance 
of a cone. With the exception of a sphere, forms 
always change in appearance when viewed from 
different eye levels. 

Ав а further example of forms appearing 
different as the eye level changes, assume 
that you are to construct an illustration of 
the various combinations of forms shown in 
figure 10-23. Using your knowledge of perspective 
and by drawing through you will be able to 





142.159 
Figure 10-21. — Form within form. 





A B 


Figure 10-22. — Appearance of form changed by 
changes of eye level. 142.160 


achieve a realistic layout of forms with each 
being solid and occupying space. It now is pos- 
sible to vary the forms by raising or lowering 
your eye level (fig. 10-24), Notice the effect 
your eye level has on each of the forms. You 
may See a certain object in one view and pos- 
sibly not at all in another view. 





142,157 
Figure 10-23. — Layout of forms. 
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MODERATELY ELEVATED 
EYE LEVEL 


EYE LEVEL 


142.161 


Figure 10-24, — Same view seen from three different angles. 


TEXTURE 


You can recognize an object not only by its 
forms and values, but also by the texture of its 
Surface, Effective illustrations give the illusion 
of surface textures for objects. Showing tex- 
ture requires that you know the identifying 





characteristics of the object. Sometimes it helps 
to think of how the object feels to the touch. 
Notice how figure 10-25 shows the different 
textures of trees. 


There are no specific rules to follow that 
will enable you to represent texture. You learn 





142.168 
Figure 10-25.— Variety of textures. 
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142.169 
Figure 10-26, — Textures and details reduced by distance. 
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EACH BLADE OF GRASS HAS ITS OWN 
INDIVIDUAL SHADE AND HEIGHT. 
WHEN A FIELD OF GRASS IS SEEN, 
SOME OF THE AREAS WILL BE SPARSE, 
SOME AREAS THICK, AND THIS IS 
BLENDED TO A TEXTURE PATTERN 
WE CAN EASIL Y RECOGNIZE. 





142.167 
Figure 10-27,— Texture by repeated form. 
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texture representation by observing, experiment- 
ing, and practice. Start by observing the work of 
Others; a good picture morgue helps. Ask your- 
self how others have captured these illusions. 
Observe nature, asking yourself how you would 
show the texture of wood, glass, rocks, water, 
and other matter. Experiment with all of your 
mediums to create various textures. Іп experi- 
menting, ask yourself whether you are represent- 
ing rough, smooth, hard, soft, and so forth. As 
your ability to show texture improves with practice 
so will your illustrations. 

Distance has a great influence on textures and 
details. In seeing an object close up, you can see 
the texture of the object and the details of its 
construction quite easily but, as the distance 
between the object and your eyes increases, you 
see less of the objects texture and fewer of its 
details. 

If you take a quick look around at your sur- 
roundings, you can easily see all the details and 
texture of the objects which are close to you. But, 
look across the room. How well can you see de- 
tails of those more distant objects ? When you are 
constructing a drawing, you want to capture this 
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sense of depth in order to give realism to the 
drawing. By following the principle that less 
texture and fewer details are seen as distance is 
increased between you and the object, you will 
be able to create realistic drawings. 


The fact that you know the texture of a dis- 
tant object does not mean you can really see the 
texture, and when you are drawing realistically, 
you draw the object as it is seen in reality. Ob- 
jects in the background should be less well de- 
fined than those in the foreground, Figure 10-26 
shows the same subject at three different dis- 
tances from the viewer. You can easily see the 
application of this principle in the illustration. 


Whenever a form is repeated often enough, 
a new texture will result. The new texture isnot 
achieved simply by multiplying the original form 
because, in nature, notwo objects are exactly 
the same. The repetition of the original shape 
in varying size will blend to form an overall 
tone and texture design. Figure 10-27 shows 
three distinct forms; the leaves on the tree, the 
bricks of the fence, and the grass. All are re- 
peated to form a pattern. 


CHAPTER 11 
FIGURE DRAWING 


One of the most difficult skills for a DM to 
learn is drawing a human figure. To acquire 
the skill he must apply many general principles 
and practice a variety of basic techniques. In 
showing and explaining how the human figure 
is to be drawn, this chapter emohasizes im- 
portant points, such as the use of appropriate 
basic forms (cube, cone, sphere, cylinder); the 
standard unit for measuring figure proportions; 
differences in the male and female figures; 
structure of human joints, bones, and muscles; 
shape, place, and direction of folds in clothing; 
placement of figures and objects; and the use 
of mood symbols, expressions, gestures, sil- 
houettes, settings, backgrounds, and cartoon char- 
acters, 


BASIC FIGURE 


The principal reason most beginners have 
trouble drawing the human figure is that they 
want to immediately start drawing a fully clothed 
subject in a complicated pose, The beginner 
may also spend a great deal of time concentrat- 
ing on details of features and clothing at the 
expense of the whole, In his concern for details, 
he loses his sense of proportion and construction, 
and most important of all, the figure's form 
loses its solid appearance. 

There is only one sound approach to drawing 
the human figure; begin by having a very clear 
concept of the figure's basic form, The human 
figure may be divided into the basic forms ex- 
plained in chapter 10. 

The human figure appears to be a highly 
complex form, It is obviously not a single sphere, 
cube, cylinder, or cone. But when you examine 
this complex figure closely, you can see that it 
may be drawn as a combination of simple forms 
— forms closely related to the basic spheres, 
cubes, cylinders, and cones you learned to con- 
struct. 

Figure 11-1 shows the simple basic forms 
which make up the total form of the human 


figure. Only the important forms are shown; 
all distracting detail is eliminated. The im- 
portant forms are the head and neck, the upper 
and lower torso, the upper and lower arms, 
the upper and lower legs, and the hands and 
feet. You can see in both the model and the form 
drawing that the neck, arms, legs, and torso 
are essentially modified cylinders, the head is 
basically a sphere, the hands are cube forms, 
and the feet are a combination of cones and 


cubes, 








142,170 
Figure 11-1.— Basic human form. 
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Be sure to master the figure's basic form 
before attempting detailed illustrations, Practice 
drawing the basic form in as many positions and 
postures as possible, Use photographs, paintings, 
and the people around you as models, If you wish 
to become more proficient in figure drawing, 
you should then study one of the commercially 
published books on the subject-one which covers 
artistic anatomy and the special problems en- 
countered in drawing the individual parts of the 
body. 


FIGURE PROPORTIONS 
‘The head is used as a standard unit to mea- 


sure the proportions of the human figure. The 
height of the head from the chin to the top of the 


skull is used for vertical measurements, while. 


the width of the head isused for making horizontal 
measurements, The head unit cannot be stated 
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142.171.1 
Figure 11-2. — Proportions of male figure. 


in а specific number of inches; each figure must 
be measured in terms of its own head size. 

The average human figure is 7 1/2 heads 
high. However, if you drew figures with this 
proportions, your drawings would have a dumpy 
appearance since most people's legs are short 
when compared to the rest of the body. You 
can improve the appearance of the figure by 
drawing the legs slightly longer than normal; 
that is, make the figure eight heads high. 

As shown in figure 11-2, the eight head units 
of height are divided as follows: the head itself 
is “опе head unit"; about 1/3 of a head unit is 
allowed for the neck; and 2 2/3 head units are 
allowed for the torso (from the bottom of the 
neck down to the crotch). This totals half of 
the figure’s height. Of the four head units re- 
maining, two units are used to measure the 
upper leg to the area just below the knee, and 
the remaining two head units indicate the height 
measure from below the knee down to the soles 





142.171.2 
Figure 11-3. — Proportions of the female figure. 


255 


ILLUSTRATOR DRAFTSMAN 3 6 2 





of the feet, Although the male figure is usually 
taller than the female and has a different out- 
line, the same eight head units of measurement 
should be used for both male and female pro- 
portions (see figure 11-3). 

The important thing to observe in the profile 
views of figures 11-2 and 11-3 is that they are 
not symmetrical as they are in the front views. 
The line drawn in each profile view represents 
the centerline of gravity and passes through 
the center of the head, chest area, hips, and 
feet. Most of the neck and the lower part of the 


legs fall behind this centerline, while the largest 
part of the mid sectionis in front of the сещегИпе, 
Pay particular attention to the curve of the back 
which has a slight and continuous S-shape. The 
neck portion of the spine slopes slightly to the 
rear, At the shoulders, the curve of the spine 
reverses its slope. Then it curves again at the 
small of the back and makes a final curve at the 
lower end of the spine. 

Figure 11-4 shows the differences between 
the average male and female illustrated forms, 
You can see that the male’s shoulders are a 





142.173 
Figure 11-4, — Differences іп male and female forms, 
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full three heads wide, but his hips are much 
narrower than his shoulders, The female’s should- 
ers are narrower than those of the males, but 
the female’s hips are about the same width as 
her shoulders. Also, the female’s shoulders are 
more tapered than the male’s, and her arms, 
wrists, and fingers are smaller and thinner than 
Ње male's. The female’s lower legs taper to 
thinner ankles and smaller feet than do the male's. 
Her nipples, breast, and crotch are located 
slightly lower than his, 

In profile the female figure is narrower than the 
male’s, Other differences include her less deve- 
loped muscles, higher waistline, shorter legs, and 
less developed calves. 

Proportions change at various ages. At birth, 
a baby's head is quite large compared to the rest 
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В. EIGHT YEARS 


of his body. At the age of about one year, the 
body from neck to feet is about three and one- 
half times the length of the head as shown in 
figure 11-ба. The overall height is four and one- 
half heads, and the center of the body is at a line 
drawn across the stomach, 

At the age of eight years, the center of the 
body has moved down to a line above the hips 
as shown іп figure 11-50. The arms and legs have 
become longer and the head is somewhat larger. 
The overall height of the body is approximately 
6 and 1/4 heads, 

At the age of twelve, the overall figure is 
seven heads high, and, as shown in figure 11-5c, 
the center line is now at the crotch, which is the 
dividing point of the average human body, From 
this age on, the body broadens out, becomes taller, 
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C. TWELVE YEARS 
142.174 


Figure 11-5. — Proportions change at various ages. 
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142,172 
Figure 11-6. — Foreshortened figure parts, 


and assumes the characteristics and proportions 
of the typical male or female form, 

For correct proportions, you must rely on 
your visual perception. The use of the head as 
a unit of measurement is convenient and helpful 
while you are first learning figure proportions, 
but only when the figure is standing upright can 
you actually measure the body interms of head 
units. Most of the time, you will find that the 
figure or parts of it are foreshortened as shown 
in figure 11-6. Only with your own eyes can you 
determine the foreshortening necessary for the 
construction of a correctly proportioned figure 
for a drawing. | 

When an object is slanted toward or away 
from you, it is foreshortened, This is an ap- 
plication of the principle of perspective in which 
the object seems to diminish in size and change in 
shape as it goes back, If the object were a cylinder, 
the sides would appear shorter and the ellipses 
nearer to being circles as the foreshortening in- 
creases, If the object were а сопе, the point would 
appear to rest closer to the center within ће shape 
and the ellipses would again approach a circular 
shape as the foreshortening increased, (See figure 
11-7.) 


CONSTRUCTING THE FIGURE 


For the purpose of constructing a drawing, 
the human figure may be divided into five com- 
ponents: torso, arm, leg, hand and foot, andhead, 


Each of these components, in turn, may be con- 
sidered to consist of the basic forms. 


THE TORSO 


An easy way to draw the human torso is to 
reduce it to two cylinders as shown in figure 11-8. 
The upper cylinder is twice the height of the lower 
cylinder, 


THE ARM 


The upper and lower arms are modified 
cylinders of approximately equal lengths as shown 
in figure 11-9, The cylinders for the arms are 
very much like the cylinders used for the con- 
struction of the torso, only much narrower, The 
cylinders forming the arms may be drawn at 
greater angles in relation to each other than the 
cylinders forming the torso because the arm 
bends much more than the torso. 


THE LEG 


The upper and lower legs are also modified 
cylinder forms of approximately equal length 
as shown in figure 11-10. The two sections of 
the leg are joined at the knee and are designed 
to bend in the opposite direction to the arm. 


THE HAND AND FOOT 


The hand and the foot are notaseasily reduced 
to basic forms as are the torso, arms and legs. 
They can, however, be shown as a combination of 
simple forms which represent them with reason- 
able accuracy. Figure 11-11 shows how a com- 
bination of а cube and a wedge shape will re- 
present the hand, The cubic form symbolizes 
the palm of the hand while the tapering wedge 
represents the mass of fingers. The finger wedge 
is about the same size as the cubic area of the 
palm. 


The upper portion of the foot may be reduced 
to a cone with the point cut off. This cone is not 
symmetrical in shape; the back rises almost 
straight up while the front is rather slanted as 
depicted in figure 11-12. The rest of the foot 
and toes are constructed as thin cubic forms. 
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Figure 11-7.-- Foreshortened cylinders shown in perspective. 
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142,175 
Figure 11-8. — Torso. 





142,176 142,177 
Figure 11-9, — Arm, Figure 11-10. — Leg. 
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142.178 


Figure 11-11. — Напа. 





THE HEAD 


The basic form of the head is a modified 
Sphere, shaped much like anegg, (See figure 11- 
13.) Horizontal and vertical lines are used in 
placing the facial features, The eyes are located 
On a horizontal centerline with the eyebrows 
Slightly above the eyes, A guideline located at 
half the distance from the eyes tothe chin locates 
the bottom of the позе. The top of the nose is 
located on the horizontal centerline, The top of 
the ears line up with the eyebrows and the bottoms 
line up with the bottom of the nose, The mouth 
is located on a line drawn at two-thirds the dis- 
tance from the chin to the bottom of the nose. The 
head rests securely on the neck, which is a short 
Cylinder drawn as wide as the lower portion of 
the head, 

A side view of the head is slightly different 
than the font view. In a side view, the head can 


142.179 
Figure 11-12. — Foot. 


be tilted with the neck toward the rear апа 
slanted forward as shown in figure 11-14. The 
ear is just back of the vertical centerline with 
its top and bottom located on the same guide- 
lines that were used for the front view. The 
eye is located in a slightly indented position 
again on the horizontal centerline. The nose 
projects out from the edge of the head's basic 
form, The mouth and chin slightly modify the 
basic form as shown, The jaw curves down from 
the ear, (See figure 11-15.) Figure 11-16 shows 
the front and side views of the head, 


Important points to consider when constructing 
the head are given below and shown in figure 
11-17. 


(1) The nose is an eye length wide. 
(2 The head at the brow is 5 eye lengths 
across, 
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142.185.2 
Figure 11-15. — Тһе jaw. 


(3) Тһе eyes аге опе eye length apart, Each 

Figure 11-13. — The head front view. 142,180.1 eye should be about one-half as high as it 
is long, 

(4) The bases of the nose, cheekbone, ear 
lobe, and skull lie on a line drawn across 
the head. 

(5) Lines drawn from the inside corners of the 
eyes to the ends of the nostrils should 
give you a check on the placement of these 
two features, The lines should be parallel. 

(6) The mouth is approximately two eye widths 
across; {$ corners should be almost direct- 
ly beneath the center of the eye. 


In the three-quarter front view (figure 11-18), 
the basic shape of the head is sketched first with 
horizontal and vertical guidelines that curve a- 
round the head, The features are located next, 
Notice that the far eye will be smaller and 
slightly covered by the nose and that the far 
side of the mouth will be smaller as it curves 
around the face, When viewed from different 
angles, the features of the face change in ap- 
реагапсе. 


In drawing the three quarter back view, 
(figure 11-19), the first step is to sketch the 


basic shape of the head, Only small portions of 
the facial features are seen, and they are located 
by guidelines as before. The features are deve- 
Figure 11-14. — The head side view. 142.180.2 loped with careful attention being paid to the 
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142,180 


Figure 11-17. — Head construction, 142,185.1 
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142.186 


Figure 11-18. — There quarter front view. 


ear, since it is now the most pronounced feature 
visible. Very little of any forward feature is 
seen, but that which is seen should be drawn 
as carefully and accurately as possible, 

The horizontal and vertical guidelines used 
in constructing the head change their shapes 
when the head is drawn in tilted or leaning 
positions, Notice that the guidelines in figure 
11-20 become curves or ellipses as they turn 
around the solid form of the head, When drawing 
the head in different attitudes, you should re- 
member to draw through the head in order to 
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Figure 11-19. — Three quarter back view. 


retain the correct relationship of features and 
the solid, roundness of the head. The neck 
should be drawn as a cylinder, without details, 
which fits onto the upper torso. Notice that 
the neck is lower in front than it is in the back. 
Figure 11-20 shows how the head looks as it 
is turned or tilted in various positions, You 
should practice drawing the head in these dif- 
ferent positions until you can do each one well. 
Remember to start with the basic form; draw 
through all lines; and retain the solid three- 
dimensional appearance of the head, 





142.187 
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142,188 
Figure 11-20,— The head seen from different angles. 
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The Eye 


One of the most expressive features of the 
face, the eye has two lids which curve like 
short visors over the eyeball. The upper lid 
curves wider across the circumference of the 
eyeball while the lower lid turns on a shorter 
arc around the base of the eyeball. Both lids 
have lashes, The inner and outer corners of 
the eyelids are completely different in design. 
At the outer corner, the upper lid overhangs 
the lower lid. At the inner corner the lids do 
not touch when the eye is open, but are separated 
by а narrow area of pinkish membrane, (See 
figure 11-21.) 


The profile of the eye is difficult to draw. 
You must remember that the eye is round and 
that the lids fit around it. The slope of the walls 
of the eye is downward and inward from the 
forehead to the checkbone, 


The exposed part of the eye is always moist. 
The moisture reflects light and causes a distinct 
highlight. The location of this highlight depends 
on the direction of the light. It is a very im- 
portant factor in making your drawing appear 
lifelike, 


The Nose 


The nose is thin and narrow at the top and 
thick and wide at the bottom. The upper half 


has a bony structure while the lower half con- 
sists of cartilage (an elastic tissue) which is 
flexible and responds to the actions of the facial 
muscles, The lower part of the nose consists 
of five pieces of cartilage as shown in figure 
11-22, Pieces one and two form the tip; three 
and four the nostrils, Piece five forms the hook 
of the nose to separate the nostrils, and descends 
lower than the nostrils. 

The nostril cavities are almost triangular but 
vary in size; they slant outward toward the back 
of the nose, 


The Mouth and Chin 


The mouth, like the eyes, is capable of much 
expression and movement, The upper lip is 
thickest in the center and thins with a downward 
curve to the corners which are depressed, Where- 
as the upper lip is comparatively flat and angular; 
the lower lip is convex and rounded, The center 
section of the upper lip thrusts forward and rests 
in the center of the lower lip when the mouth 
is closed, 


The lower lip is recessed beneath the upper 
lip and, when seen in profile, the lips are located 
on a line sloping backward from near the top of 
the nose to the furrow at the top of the chin, (See 
figure 11-23.) 


Slight depressions or hollows that form where 
the corners of the mouth meet the lower cheek 
are usually more pronounced in the male face. 





142,189 
Figure 11-21.-- Eye, 
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In a smile or laugh, the corners of the mouth 
are pulled back and the upper lip appears to be 
straighter as the lower lip becomes more curved, 
When the mouth is in an open, smiling position, 
the upper teeth are visible. Rarely are the lower 
teeth seen except in extreme actions of the 
mouth, 


The chin bulges forward at its center, From 
the front, the chin usually appears to be nearly 
Straight across with a depression in the center, 
The shape of the chin usually matches the 
Character of the rest of the facial features, 


The Ear 


The ear is a mass of cartilage and soft 
flesh, It is wider at the top rim and narrower 
at the bottom (lobe). In the middle of the ear 
is a bowl shape which is surrounded by whorls 
and curves of flesh-covered cartilage. The ear 
has four major shapes: (1) the outer wider 
rim, (2) the inner rim, shaped like a bent ''Y'', 
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142.190 
Figure 11-22, — Nose, 


(3) the bowl area, and (4) the fleshy lobe as 
seen in figure 11-24, 


Correct positioning of the ear is one of the 
most important phases of drawing the ear, You 
can see that the top of the ear is on a line with 
the eyebrow and the bottom on a line with the 
base of the nose, When seen in profile, the ear 
is located directly behind the vertical centerline 
that divides the head in two, When seen from 
the front, the ear slants downward and parallel 
to the side of the head as seen in figure 11-24, 


MOVEMENT OF BODY PARTS 


The individual parts of the body are con- 
nected by three distinetly different types of 
joints which make a variety of body movements 
possible: the ball and socket joint at the shoulders 
and hips; the hinge joint at the knee and elbow; 
and the flexible column of the spine and neck, 
Each of these joints varies considerably in the 
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142,191 
Figure 11-23. — Mouth and chin, 


type of motion it allows, and the amount of 
motion depends on the construction of the in- 
dividual joint, 


BALL AND SOCKET JOINT 


The ball and socket joint shown in figure 
11-25 is extremely flexible. Parts of the body 
constructed with this type of joint can be rotated 
in practically any direction. Although not ball 
and socket joints, the wrist and ankle joints 
permit similar rotary movement, 





HINGE JOINT 
The hinge joints at the elbow and knee shown 
FRONT SIDE in figure 11-26 work like an ordinary door hinge. 
They allow the forearm to swing forward and the 
142,192 lower leg to bend backward aad to straighten 
Figure 11-24. — Ear. out again, 
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142,181 
Figure 11-25. — Ball and socket joint. 


FLEXIBLE COLUMN 


The flexible column (spine) shown in figure 
11-27 connects the upper and lower halves of 
the body. The upper most portion of the spine 
is the neck which connects the head to the 
upper part of the body and controls all move- 
ment of the head, The spine is involved in all 
actions which require shifts in weight such as 
Walking, running, or jumping. The spine is 
highly flexible and not only allows turning motions 
in all directions, but also permits a twisting 
motion throughout its entire length. 


Figure 11-26, — Hinge joints, 


WALKING AND RUNNING 


When a person walks, the body shifts its 
weight alternately from one leg to the other, 
and the center of gravity passes through the 
foot on the ground, When the figure is running, 
the body leans in the direction of movement, 
ahead of the center of gravity. The faster the 
speed, the more the body leans, The figure in 
both walking and running attitudes is shown 
in figure 11-28. 


BONES AND MUSCLES 


Bones and muscles have a distinct bearing 
on the outward appearance of the body and on 
the actions that the body can perform, After 
starting with the basic figure, you can use the 
bone and muscle structure to refine the simple 
basic forms and make them more life-like, In 
doing so, remember that the bones and muscles 
are not flat bands or lines beneath the skin; 
they are solid forms that protrude from the 
surface of the figure or cut back into it. 

Do not think that putting more bone and mus- 
cle into а drawing will make it appear more 
realistic, You will end up with а medical chart 
instead of a figure drawing. Time and effort 
can be well spent in studying and drawing the 


269 


ILLUSTRATOR DRAFTSMAN 9 & 2 


Тлек осыл тіласты 20522221 IIE МАЯНА А ЗЕЛЕНОЕ алалы а а ЕЕК EC OR S ES A LI IE OEE ыл ыы са а ыы ы аі 


forms and actions of the bones and muscles 
as they affect the outward appearance of the 
figure, 

Figure 11-29 shows the major differences 
of the bone structure of the male and female 
figures, While the female has the same bones 
and the same muscles as the male figure, the 
female’s bones are smaller and smoother, and 
her body is heavily covered with fatty tissue, 
especially thick over the thighs, hips, and but- 
іоскв. Female muscles are almost always less 
developed than male muscles, The heavy covering 
of fatty tissue over the female’s body causes 
the bones to be less apparent on the surface, 

The breastbone in the male is longer and 
less curved than in the female, The male’s hip 
section or pelvis is narrower and deeper, about 





142,183 
Figure 11-27, — Flexible column, 


the same width as his ribcage, while the female’s 
pelvis is proportionally wider than her rib cage, 
giving her much wider hips. In the male, the 
distance from the pelvis to the ribcage is shorter, 
causing the length of the male torso to be pro- 
portionally shorter than the female torso, In 
the male figure, the legs are proportionally 
longer than the female’s legs. 

Having а shorter, straighter collar bone 
causes the female to have narrow, sloping should- 
ers and a longer neck than the male figure, In 
proportion to the trunk (torso), the male’s arms 
are longer than the female’s, Because of the 
longer humerus, or upper arm bone, the male’s 
elbows are lower than the female’s elbows. 
The male skull is usually larger than the female 
Skull. 
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Figure 11-28, — Walking and running. 


CLOTHING THE FIGURE 


Figures will be clothed in most of your draw- 
ings, You can enhance your ability to draw life- 
like figures by studying people or their photo- 
graphs, paying special attention to the folds in 
their clothing. 

The folds formed on a clothed figure are 
controlled by three factors: the shape of the 
figure, the action of the figure, and the cut 
of the garment, The folds formed primarly 
by the law of gravity are supported by the 
shoulders for the shirt, blouse and coat and by 
the waist for the trousers or skirt. These folds 
are usually long and flowing, The main points 
for folds formed by tension are at the shoulder- 
arm junction, the elbow, the waist, the leg- 
torso junction, and the knee, When the arm, 
torso, or leg is bent or changes direction, the 
Cloth slackens on the opposite side of the ten- 
sion, The cloth on a figure does not change in 
amount, but it is condensed, As it is condensed, 
it creates folds in different shapes and in dif- 
ferent places, The shapes, place, and direction 
that the fold takes is determined by gravity, 
tension, support, and action, 


TROUSERS 


The point of support in trousers is at the 
waist, even though the wider hips affect the 


folds. The crease in the leg hands straight 
due to gravity and the fact that it is pressed 
іп, The folds follow the contours of the leg, 
as shown in figure 11-30, 


Notice the difference in the folds created 
when one leg is straight and the other bent at 
the knee, 


Folds in trousers. of a seated figure are 
also shown. Notice the strong folds created 
at the crotch due to the tension created between 
it and the knee, The bending of the material 
caused by the lower part of the torso and the 
legs also adds to the folds in this area, Notice 
that some of the folds in the profile view stop 
at the seam of the trousers, The added strength 
of the seam forms a point of support. 


COAT 


The coat is supported by the shoulders as 
shown in figure 11-31. It has a wide rangeof 
folds that can be attributed to the actions of 
the arms and to whether the coat is buttoned 
or unbuttoned, 


SHIRT 


The main difference between the folds of 
the shirt and those of the coat is that the shirt 
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142,184 
Figure 11-29, — Bone structure, 
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142.196 
Figure 11-30, — Folds in trousers, 
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is held rigid at the waist, while the coat hangs 
free. A variety of folds radiate from the waist 
to the shoulder, as shown in figure 11-32, They 
vary due to difference in tension caused by the 
posture of the body. Notice that most folds of 
the sleeve occur on the upper side of the arm 
at the elbow, 


BLOUSE AND SKIRT 


A woman's blouse has the same type of folds 
as a man's shirt, excepting those created at the 
additional points of support. (See figure 11-33.) 


The design of a woman's skirt restricts 
movement at times, When movements reach 
the limits of the material, strong lines of tension 
are created as shown in figure 11-34. Tight- 
fitting clothes also create areas of strong support. 


FIGURE COMPOSITION 


The people you show in your pictures, like 
the people in real life, must have feelings and 
emotions to appear realistic, In life, people 
express their emotions and express their actions 
with words, However, in your pictures, the 
people you draw can communicate only by ex- 
pression and gesture, The appearance and action 
which you give your figures must enable your 
figures to tell everything. 


The figures you place in your picture setting 
should be complemented by the setting. One of 
the most important points to remember when 





142.195 
Figure 11-32. — Folds in shirts. 


placing figures in a setting is to choose 
setting which will help to explain and strengthe 
the figures actions, When you wish to see some 
thing more clearly or follow an action better : 
nature, you can move your eyes or head, Howeve: 
for a picture, only a set view is possible for tt 
viewer, Therefore, this set view should be pre 
sented so that it best clarifies the action. 


There may be few or many figures in 
picture; arranging each group size into a goc 
composition has its own special problems : 
well as possibilities, You must work, in effec 
as a Stage director; selecting appropriate char 
acters, costumes, props, lighting, and, mo: 
important of all, а viewthatis clear and effective 


You must become aware that good figure сот 
position is far more than drawing a few figur 
composition is far more than drawing a fe 
figures in some relation to each other or placir 
them within the four borders of the drawing. Yc 
should learn to create a sharp and meaningfi 
statement about а situation, and convey tt 
various feelings of the people shown to be її 
volved in the situation. 


EMOTIONS AND GESTURES 


The human figure is a living, mobile fon 
which constantly changes shape. It can stretcl 
curl, lean, and bend, or assume countless di: 
ferent variations in form by changing positio! 
Changing shapes provide a point of interest : 
a picture, On the other hand inanimate object 
remain lifeless regardless of how carefully draw 
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142,197 
Figure 11-33. — Folds іп а female's blouse, 
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142,198:,199 
Figure 11-34. — Folds іп a female's skirt. 


They have no movement to add excitement and are shown facing in the same direction. Also, 
interest to the picture. The drawing in figure the meaning of a picture will change if you 
11-35 shows the striking difference between the change the attitudes or gestures of the figures, 
human figure and the fixed form of aninanimate A figure can be made to express any one of 
object, the human emotions or actions. 

When two figures are placed together, they The body assumes different shapes when it 
Should be responsive to each other. They will moves, and we associate these different shapes 
appear to be talking if placed face to face, or to with different moods or feelings. Typical moods 
be looking at the same scene or object if both associated with figure actions are the figure's 
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вар due to weariness and the figure’s spring of 
joy. It may be helpful to associate some of the 
more common emotions in terms of symbols, 
Five common associative symbols are shown 
in figure 11-36. 


The mood you attempt to capture in your 
picture should be the one which best conveys 
your idea or emotional message to the intended 
audience, 

When placing figures in a scene, consider not 
Only the view but also the pose of the figures, 


142,216 Because the figure is so highly mobile, it is 


Figure 11-35.—Comparison between inanimate ob- capable of expressing the same action or emotion 
ject and the human form. by many different gestures and attitudes. Some 
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Figure 11-36, — Five mood symbols. 142.217 
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PROBLEM: SHOW A CORPMAN ADMINISTERING PLASMA 
TO A WOUNDED SOLDIER. 





FIGURE IN FOREGROUND ALMOST 
HIDES OTHER FIGURE, LEAVES 
QUESTION: WHAT IS TAKING PLACE ? 








@) 


TOO SPREAD OUT, NOT 
CLEAR IN MEANING. 





BETTER BUT«NOT 
TOO CLEAR 


(4) FINAL CHOICE, ACTION IS CLEARER 


142.218 


Figure 11-37, — Experiments to find best descriptive layout using the two-dimensional silhouette. 


of these poses are more descriptive and recogniz- 
able {һап others; you should select the pose that 
is most suitable for your purpose, In the planning 
Stage express as much as possible with the two- 
dimensional shape or silhouette. Figure 11-37 
illustrates а method of sketching using the sil- 
houette, You should always experiment with the 
placement of the figures in different positions so 
that you can best determine the clearest and 
most expressive way of arranging them. 


SETTINGS 


Most compositions include a place as well as 
people, The place could be the corner of a room, 


a vast forest, or anywhere. When starting a 
picture you should have the background setting 
in mind so that it may contribute to the mood 
and action of the figure. 


The role of the setting varies greatly. Often 
it simply serves as a background that orients 
the figure's location, However, in many pictures 
the setting has greater importance; it serves 
to emphasize the figure's mood and action. Figure 
11-38 illustrates the effect of simple setting used 
to advantage. Whether the background plays a large 
or a small role, you should use it to strengthen 
and explain the action of your figures, 
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MAN HAS TURNED ІМ HIS SEAT AND IS TALKING ОМ 
THE TELEPHONE. HIS POSITION INDICATES THAT HE 
MAY BE REFERRING TO A WALL CHART. 


THIS COMPOSITION HAS CREATED MORE ACTION, 
EXCITEMENT. HE MAY BE MERELY DIALING A NUMBER, 
OR HE MAY BE IN AHEATED DISCUSSION. 


142,219 


Figure 11-38, — Simple setting. 


On deciding what setting to use for a scene, 
choose the setting which best reinforces the 
impression you are creating. For example, a 
love scene is more convincing with a pleasant 
background than with a background, such as a 
trash dump, wrecked car, or sinking ship. 

Of course, events do occur in surroundings 
which are not generally thought to be appropri- 
ate to, the event, However, from the picture 
compositors viewpoint, these are unusual events 
which would not be readily recognizable in a 
picture, Your task, as an illustrator, is to make 
the picture consistent throughout; both the back- 
ground and the figure should support each other. 

Often the purpose of a picture is the setting. 
In such a case, you must give the setting the 


prominence it deserves, Keep your figures from 
overwhelming a scene by changing sizes, po- 
sitions,, values, and contrasts to your advantage. 

When you add another figure to a setting which 
contains one figure you create a human relation- 
ship. Your task is to make the relationship between 
the figures clear to the viewer. As before, the 
setting should help explain the story, it should 
not interfere with the relationship of the figures. 

Adding a second figure to a picture area often 
means that you must vary the size and depth 
factors, See figure 11-39. 


FIGURE IN PERSPECTIVE 


Because people are all approximately the same 
size, the viewer of any picture will automatically 
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142,220 


Figure 11-39, — Adding second figure to a setting. 


relate the proportions, scale and sizes of all forms 
in the picture to the figure. Therefore, the cor- 
rect placement of the figure in a perspective 
drawing is a must, No doubt you have seen 
an illustration which made you vaguely uncom- 
fortable although at first glance it seemed well 
drawn, A second glance may have revealed 
that one of the main figures was standing on 
thin air, or, if not, he was a giant. This sort 
of thing is easy to avoid if you work out the 
perspective, 

You must determine the height of one of the 
figures in your illustration, This is done by 
relating it to an object of known size, by eye, 
or by projecting the perspective as was shown 
in chapter 7. Once you have determined the 


height of one figure draw receding guidelines 
going to the vanishing point from this figure. 
The vertical distance between the receding guide- 
lines to the vanishing point is used to establish 
the height of any figure anywhere in the picture, 
To place the other figures to the right or left of 
these guidelines, horizontal lines from the head 
and feet are drawn off the guidelines as shown 
in figure 11-40, The correct height is taken 
vertically between the two horizontal lines, 

It is somewhat more difficult to draw figures 
at different levels, but if you use reference 
dimensions, as shown in figure 11-41, such 
problems may be solved, The point is that if 


you work out your perspective first, you will 
avoid trouble later, 
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142.242 
Figure 11-40. — Figures іп perspective. 


THE BORDERS 


You should remember that there is a larger 
world outside the picture frame. Your placement 
of figures and objects should convince the viewer 
that the picture is part of the real world, Also, 





| 142.368 
Figure 11-41. — Figures at different levels. 


you should not forget that the borders are а 
part of the picture and often the link to the 
real world. The borders can have a particularly 
strong effect when you are using figures in your 
composition. 

The effect of the borders may be to define 
or confuse, depending on where you place the 
figure relative to the borders. If, for example, 
you place a figure too close to a border, the figure 
may be obscured by the border; the composition 
is attracting the viewer’s attention to the border 
rather than the figure’s action, Even when the 
figure does not touch the border, the figure's 
gestures may direct the viewer’s attention to the 
border. If a figure is placed nearer one border 
than the others, it tends to attract attention to 
the nearer border. This effect is shown in figure 
11-42. To avoid this problem, you should learn 
to leave more space between the figures and the 
border, Proper placement of a figure greatly 
aids in creating the illusion of action and move- 
ment, 


CROWDS 


Whether you are composing one ortwofigures 
in a picture or arranging a whole crowd of 
people in a picture, the same principles are 
applied. After all, a crowd scene is nothing 
more than one or two expressive figures shown 
many times in various attitudes, If you can 
compose a few figures together in a picture, 
you can compose any number of figures in a 
crowd scene, 

A crowd, like an individual, may express 
any emotion; gaiety, sorrow, anger, or tension. 
Its mood can be a more subtle one, too, it may 
be indifferent, mildly curious, or merely waiting 
for something to happen. A large group of 
people must always express some mood or 
feeling; a crowd is never expressionless, 

Although all figures in a large group usually 
reveal the same basic emotion, they may do so 
in various ways. Study a real crowd or a photo- 
graph of one, noting the different gestures and 
expressions, (See figure 11-43.) Unless you are 
aware of these individual variations and show 
them in your pictures, crowd scenes will tend 
to become monotonous repetition of forms and 
faces, 


CARTOONS 


Cartoon figures are based on the same basic 
principles that apply to figure drawing. To be 
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THE GESTURE OF THE FIGURE CAUSES THE VIEWER'S 
EYE TO LEAD RIGHT OUT OF THE PICTURE AREA. 


WITH THE FIGURE MOVED BACK,IT GIVES MORE 
ATTENTION TO THE ACTION. 


WHEN PART OF THE FIGURE TOUCHES THE BORDER, IT 
TENDS TO DRAW THE VIEWER'S EYE TO THE BORDER. 


PLACING THE FIGURE A LITTLE AWAY FROM THE BORDER 


GIVES THE FIGURE BETTER RELATIONSHIP TO THE BORDER. 


142.221 


Figure 11-42. — Effect of border on actions of the figure, 


а good cartoonist, you must know anatomy, 
and the techniques of drawing, and be a shrewd 
observer of people. 


CARTOON USES 


Cartoons have become well established in 
every field of visual communications because 
of their directness and ability to attract the 
observer and hold his attention, They can portray, 
With good effect, humorous as well as serious 
situations, (See figure 11-44.) Cartoons are 
Widely used in poster work because of their 
great attention getting qualities. 


In safety posters, the use of a cartoon char- 
acter confronted with the various safety hazards 
18 more desirable than the use of a photograph 
оға human being in the same situation, Photo- 
graphs showing an unfortunate person twisted 
ОГ mangled in pain or death may be repulsive 

Some people and are readily shunned, If 


the audience will not look upon the poster, no 
message is communicated and the purpose of 
the poster is defeated. By using a cartoon 
character, say in a safety poster about el- 
ectricity, you can show the character being shocked 
or worse; this is impossible with photographs, 

When creating a series of safety posters, try 
to use just one or two cartton characters in the 
series, In this way, your audience canquickly 
associate a character with all the obvious haz- 
ards and be more responsive to the poster 
series, 

Cartoons should be simple in construction so 
that they may Бе easily seen and understood at 
a glance. In cartooning, you should concentrate 
on the actions and attitudes of the figures more 
than on the fine detail that goes into a straight 
illustration, Exaggerate as much as you like as 
long as the exaggeration adds to the expressive- 
ness of the cartoon, You will do well to eliminate 
ав many of the nonessential details as possible. 

A cartoon may be a violent distortion of reality. 
If it is a good cartoon, the distortion is there, 
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l'igure 11-43. — A picture composition of a crowd, 
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142.302:.306 
Figure 11-44. — Various cartoons, 
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not for distortion's sake alone, but to express 
most forcibly а fact about real people or things. 


CARTOON TYPES 


Cartoons may be divided into two categories: 
realistic and exaggerated. Each category, in 
turn, may be subdivided into types according 
to whether the realism or exaggeration used 
in drawing characteristic features is slight or 


extreme, The main point in cartooning is not 
to mix the real with the exaggerated in the same 
cartoon, 

Each cartoonist creates his own style, his 
own characters, and his own interpretation of a 
situation, Whether a cartoon is drawn with more 
or less realism than another or drawn with more 
or less exaggeration than another depends on the 
individual style of the cartoonist, Newspaper 
comie strips and some popular magazines show 
a wide variety inthe styles of different cartoonists. 
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AIRPAINTING 


Lifelike effects can be rendered through a 
technique called airpainting. This technique pre- 
sents realistic effects in tone because itis capable 
of producing even tones, gradual variations in 
values, and sharp tone contrasts, Manu illus- 
trators have found airpainting to be the most 
exciting, fascinating, and rewarding of all med- 
jums., Once you have become proficient in air- 
painting you can produce a range of effects that 
is limited only by your skill and ingenuity. 

This chapter covers the use and care of 
airpainting equipment and materials and some 
airpainting techniques used in rendering illus- 
trations. 


AIRBRUSHES 


The airbrush may be described as a precision- 
made minature spray gun that is operated by 
compressed air. Basically the airbrush consists 
of a color cup or small bottle for holding paint, 
an inlet for the compressed air, a nozzle through 
which the paint is sprayed under pressure,a 
release valve (finger lever) to enable the air 
to motivate the paint, and some form of control 
over the amount of air and paint that comes 
out the nozzle (fig. 12-1). 


FUNDAMENTALS OF OPERATION 


Several manufacturers make airbrushes of 
various types and models, The three basic types 
of airbrushes used by illustrators are the single 
action, double action, and the oscillating (vibrating 
needle) types. Oscillating airbrushes areusedfor 
very fine detail work only; however, they will 
not be discussed in this chapter. 

The single action brush, sometimes known as 
a poster brush, is the simplest in design. It 
works well for simple art and large background 
Work, especially with heavy pigments such as 
tempera. With this type of airbrush, air and 
paint flow is obtained by a single downward 


finger movement on the finger lever, Some models 
have an adjustment on the finger lever for 
regulating the amount of air that leaves the 
airbrush. Also, an adjustable paint control nozzle 
limits the amount of fluid flow. 


The double action brush, sometimes known as 
a pencil brush, is a good brush for all-around 
work. Its spray pattern is controlled by two 
separate actions: pressing down on the finger 
lever to release air only and pulling back on the 
same finger lever to release the paint, 


Operating a Single 
Action Airbrush 


A single action airbrush must be adjusted 
before use. To adjust this airbrush first turn 
the fluid control off. Hold the airbrush about 
1/2 inch from a scrap piece of paper, depress 
the finger lever and slowly open the fluid control 
until a wisp of color appears. You will make a 
small dot or, if you move your hand, a small, 





57.33.0.1 
Figure 12-1. — Airbrush. 
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fine line. To mke a wider line, move the air- 
brush farther away from the paper and, as you 
do, open the fluid control wider, Continue adjusting 
until you get the desired spray pattern, The finger 
level also may be adjusted to regulate the amount 
of air, Lesser amounts of air give a coarser 
effect. After adjusting this airbrush, the only 
way you can vary the pattern is by increasing or 
decreasing the distance between the brush and 
the paper. 


Operating a Double 
Action Airbrush 


The double action airbrush allows for control 
and variation of the pattern during a stroke, As 
the finger lever is pulled farther back, the 
amount of paint leaving the brush will increase, 
By pulling all the way back on the lever you may 
start painting a wide pattern. Then by easing 
forward on the lever as you progress through 
the stroke, the pattern becomes smaller, By 
reversing this operation, you can progress from 
a small pattern to a large pattern (fig. 12-2), 
Patterns may also be varied by increasing or 
decreasing the distance from the brush to the 
paper during the stroke. 

By setting an adjustment screw located by the 
finger lever of the double-action airbrush, you 
can hold the finger lever in a backward position, 
In this position the flow of paint will be constant 
and all that is necessary is to control the air 
by depressing the finger lever. In this way, the 
double action airbrush will work like a single 
action model, 


142,402 
Figure 12-2, — Varying the spray pattern. 


When you use a double action airbrush, three 
distinct motions must be controlled and со- 
ordinated, as shown in figure 12-3. During 
these three operations, keep your hand in motion 
to the end of the stroke, At the end of the stroke, 
allow the finger lever to move forward (stopping 
the paint), апа thenup (stopping the air). 


Though the three actions are separate, they 
must follow each other closely. Running the first, 
second, and third actions together will result 
in a sudden burst of paint at the beginning of a 
stroke, The entire movement should be slow, 
smooth, and steady. The whole arm moves 
across the paper from the shoulder not the 
wrist. Do not dip your hand ог turn your wrist, 
or change the angle of the brush. 


By experimenting with a double action air- 
brush, you can learn to paint in various patterns. 
You paint a large pattern by working about 8 
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2. PRESS THE FINGER LEVER DOWN, КЕ- 
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3. GENTLY PULL THE FINGER LEVER 

TO RELEASE THE PAINT. 


57.33.0.4А 
Figure 12-3. — Holding the airbrush, 
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inches above the paper and by pulling back all 
the way on the finger lever, Draw fine lines by 
working close to the paper and by pulling back 
very little on the finger lever (fig, 12-4), 


SOURCES OF AIR SUPPLY 


An air compressor is usually the preferred 
source of air supply. If an air compressor is 
not available, any cylinder of inert gas: such 
as carbon dioxide will be suitable, however, do 
not use oxygen or other flammable gases, Small 
aerosol canisters containing a refrigerant under 
pressure may be used, These aerosol canisters 
will be sufficient to airbrush the contents of a 
2 1/2 oz color bottle. In any case the air supply 
is connected to the airbrush by means of a flexible 
rubber hose. 


A steady flow of air is maintained by an air 
pressure regulator located on the compressor 
or gas container, The pressure must be constant 
because fluctuating pressures result in spattered 
Spray patterns. 


Working pressure is normally 25 to 30 pounds 
per square inch. The regulator can be adjusted 
for lower pressures when a spatter effect is 
desired, 
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Figure 12-4, — Controling the width of the pattern, 


MAINTENANCE 


When airpainting, special emphasis must be 
given to keeping your equipment and area clean. 


For proper care and maintenance of a partic- 
ular airbrush refer toits manufacturer's instruc- 
tion book, 


Keeping your airbrush clean must be 
emphasized because most breakdowns occur when 
the paint clogs the air passages. If your spraying 
is interrupted for any length oftime, flush the 
color out as follows: 


1. Dump out any remaining paint and flush 
out the color сир with the proper solvent, Be 
sure to use cold water for water colors. 


2. Add clean solvent to the color cup and 
blow the solvent through the airbrush; repeat 
until all color is cleaned out, and the solvent 
comes out clear. 


3, Remove color cup and continue to blow 
only air through the airbrush to remove any 
remaining solvent and to dry all parts. 


If you are using the bottle type paint con- 
tainer, the cleaning steps will be slightly different. 


1. Hold a sponge tightly against the nozzle 
of the airbrush and depress the finger lever. 
This will blow the color back into the bottle, 


2. Remove the bottle of paint and attach a 
bottle of solvent to the airbrush. Blow solvent 
through the airbrush on to the sponge, repeat 
until all color is cleaned out and the solvent 
comes out clear, 


3. Remove the bottle and blow only air through 
the airbrush to remove any remaining solvent 
and to dry all parts. 


When cleaning, don't take the airbrush apart; 
it is unnecessary, the airbrush is very delicate 
and easily damaged. 


You may face some equipment problems 
when airpainting. Typical problems, causes, and 
remedies are given in the following table. 
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Very moistor 
humid working 
conditions, 


Install amois- 
ture trap be- 
tween the air 
source and the 
airbrush, 


Airbrush spits 
moisture 


Airbrush fails 
to spray 


Clogged fluid 
control assemble and 


soak in solvent 


Thin fluid with 
proper solvent, 


Too heavy 
fluid 
Increase air 
supply. 


Insufficient 
air supply 


Airbrush 
sprays in 
intermittent 
spurts 


Air leaking 
from hose 
connections 


Tighten con- 
nections. 


Clogged air- Clean airhole, 
hole in lid of 


paint bottle 





MATERIALS 


Most materials used by the airbrush illus- 
trator are similar to those already described 
in this manual. A list of items needed may 
include: drawing board, tracing paper, illustra- 
tion or bristol board, pencils, frisket paper, 
rubber cement, rubber cement pickup, tape, pig- 
ments, and hand brush. 


PIGMENTS 


Pigments, such as liquid water colors, re- 
touch grays, inks, dyes, and oil colors that are 
finely ground may be used іп the airbrush. 
Normally airbrushes used by the illustrator will 
not handle laquers or enamels. However, certain 
type airbrushes can be used for these paints. 
The fluids to be airpainted should be thoroughly 
mixed and free of lumps of pigment or other 
impurities. It is a good practice to strain the 
fluids through a piece of nylon stocking or 
similar mesh cloth before using. 

If paint is too thick, it will not atomize and 
emit from the nozzle, therefore thinners have 
to be added to the paint, If the paint is too thin 
it will not cover properly and will run very 
quickly. You should be able to judge the proper 
paint consistency after some practice with the 
airbrush, 


Clean or dis- | 


PAPER 


Airbrush illustrating requires a good grade 
of illustration board, bristol board, or photostat 
paper, If photostat paper or one or two ply 
bristol board is used warping may occur, There- 
fore, you should first mount any paper you intend 
to airpaint if you think it will warp. For practice 
most any cheap drawing paper will be satisfactory. 


Paper textures have an effect on the finished 
product, Smooth surface paper when sprayed 
should produce a smooth tone. A rough textured 
paper is capable of producing textured effects 
by spraying it from an angle other than 90 
degrees. 


Paper surfaces must be free of any type of 
fingerprints, cuts, holes, glue, paints, or other 
imperfections as they will show up onthe finished 
product, A sheet of paper under your hands as 
you Work on the drawing willaidinthe cleanliness 
of the drawing surface. 


MASKS AND FRISKETS 


Areas which are not to be airpainted are 
protected by means of a mask or frisket, А 
mask is a movable pattern, similar to a template 
and may be made of acetate, drawing paper, 
blotters, etc. A frisket is a transparent or 
translucent sheet coated with ап adhesive. 
Friskets are placed over the drawing and cut 
out to expose the areas to be painted. Com- 
mercially prepared frisket film is best for fast, 
quality work, However, you may make a suitable 
frisket yourself with tracing paper or a special 
waterproof frisket paper, and rubber cement, 
One disadvantage of using your own frisket is 
that it may leave on the drawing surface some 
rubber cement that must be cleaned off, 


To make a frisket, coat one side of the 
paper thoroughly with a thin even coat of rubber 
cement, Allow it to dry. When the rubber cement 
is dry, lift the frisket and turn it over so that 
the coated surface is face down; place it slowly 
over the drawing allowing the middle of the 
paper to contact the drawing paper first. Care- 
fully flatten the frisket working from the center 
outward with the hand, or a triangle's flat 
edge, No air bubbles must be allowed to remain 
under the frisket because of the chance that 
paint may be sprayed under these raised areas. 
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STEPS IN AIRPAINTING 


The following series of steps will describe 
how a drawing is accomplished using the air- 
brush, 


Similar to other mediums, the first step in 
airpainting is to develop a rough and transfer 
it to a drawing surface, In airbrush rendering 
a good complete rough is a must, The rough 
serves ав a guide as you paint, Therefore, you 
should plan and indicate in pencil on your rough 
the exact shading desired, Do not attempt to 
make decisions on shading as you airpaint because 
corrections are almost impossible, 


The second step is to cover the areas not to 
be airpainted wth a mask or a frisket. Masks 
are cut out to the desired shape and placed 
over the drawing; thus protecting the surfaces 
not to be painted, When employing a mask, hold 
it in place with your hand, paper weight, or 
tape. Paint over the edges of the mask so that 
the paint will not be blown under it. With this 
method, edges between the painted and unpainted 
areas will be clean and sharp (fig. 12-5). To 
make soft edges, slightly lift the mask from 
the paper as shown in figure 12-6, 






"o4 Ne 


When using a frisket, cut out the area to be 
exposed with a sharp knife as shown in figure 
12-7. Be careful to cut only through the frisket 
and not into the drawing. Use a straightedge 
where straight lines are wanted, For cutting sharp 
curves a swivel knife is a nice item to have 
although it is not a necessity. When drawing or 
cutting circles with a compass avoid puncturing 
holes in the paper. After cutting the area to be 
exposed remove the unwanted frisket. With a 
rubber cement pickup, remove any rubber cement 
that has remained on the open area, being 
extremely careful along the cut edges of the 
frisket, 


Third, mix the pigment to the proper con- 
sistency. Strain the pigment, then remove it 
from the palette with a bristle brush or eye 
dropper and fill the color cup with it (fig. 12-8). 
Do not use a brush that will shed hairs, as they 
will clog the airbrush, Test your mixture оп а 
scrap piece of paper and make any necessary 
adjustments to your mixture, 


Fourth, adjust the working area, The airbrush 
in most cases will be held at a right angle to 
the drawing surface, Therefore, the drawing table 
should be the type that will allow you to adjust 
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Figure 12-5. — Тһе mask, In this figure the mask has been moved back so that you may see the results, 
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Figure 12-6,— The raised mask helps achieve soft edges. 


its working surface angle so that the airbrush 
may be held naturally and comfortably at a 90 
degree angle. 


Fifth, begin airpainting (fig. 12-9). Position 
yourself so that you are sitting upright, but 
comfortably relaxed, with enough room between 
your arm and the drawing so that your arm can 
move freely. Hold the brush so that the air hose 
will pass below the thumb and over the wrist, 
When you hold the brush this way, the hose will 
be restrained by your wrist and will not flop 
over the paper. 


Tones are built up gradually. The first 
coverage should be light; successive coverages 
are used to darken the tone to the desired 
shade, If the paint starts to puddle or fan out, 
you are working too close to the paper or are 
using too much paint, 

The painted area should dry almost im- 
mediately. If you get the drawing too wet, the 
paint may run. If a wet shine appears, stop 
until it has dried, blow the area with air to 
speed the drying process. To do this, hold the 
brush 10 inches or more from the surface to 
prevent the paint from running, 


Sixth, finish the drawing. When the area has 
been airpainted and both paint and frisket are 
dry, remove the frisket, Using the rubber cement 





pickup, remove any cement from the paper (fig. 
12-10), Friskets may be used over the air- 
brushed areas to protect them when further 
work is necessary, Finally add any finishing 
touches, Highlights and small detail may be 
added to the drawing by hand with a sable 
brush or other tools as necessary. 


AIRBRUSH TECHNIQUES 


To become proficient with the airbrush you 
should practice the following techniques, 


EVEN TONE 


Prepare a simple paper mask as shown in 
figure 12-11а, Tape the mask to the drawing 
paper with masking tape, allowing the tape to 
overlap the paper by about an eighth of an inch. 
Press the tape firmly against the paper to prevent 
any paint from seeping underneath. 


Following the procedure just explained, air- 
paint a tone across the top of the drawing paper. 
Avoid a light streak across the top of the sheet 
by allowing the spray pattern to overlap the top 
strip of masking tape. 
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57.33.0.2-.3 
Figure 12-7,—Mask the illustration with a frisket, 





With your hand in motion, start at the top left 
outside of the mask and pull back on the finger 
lever while still over the mask, This allows the 
full strength of the pattern to fall on the exposed 
portion of the paper. The finger lever must re- 
main pulled back until the opposite side of the 
page has been reached, Now return from right to 
left, allowing the second stroke to overlap the 
first, being careful that no streak will show from 
the overlap. See figure 12-11b. 


Continue down the page, allowing the last 
stroke to overlap the bottom strip of masking 
tape. This first coverage should be kept light, and 
darkened by repeating the entire process as many 
times as necessary to create the tone desired, 


Be certain that the drawing paper and the 
masking tape are dry before removing the tape 
To avoid any damage to the surface of the draw- 
ing paper, remove the tape slowly and carefully. 


satisfactory results may not appear right 
away, for control of the airbrush is a matter of 
practice. 


GRADUATED TONE 


Prepare a sheet of drawing paper with a mask 
as before, Start the spray pattern, covering the 
darkest area first. When airpainting always 
work from dark to light. Proceed as you did with 
the first strokes of the even tone, except that 
as you progress from the dark to light allow 
the paint to fade off completely before reaching 





142.260 
Figure 12-8. — Fill the color cup with a brush or eye dropper. 
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57.33.0.4 
Figure 12-9. — Airpaint the exposed area, 


the light area. See figure 12-12а. To allow the 
paint to fade off, using a double-action airbrush, 
you may decrease the amount of paint with the 
finger lever or increase the distance from the 
paper to the brush or do both, Using a single- 
action airbrush, you may fade off only by in- 





creasing the distance from the paper to the 57.33.0.5-.6 
brush, Figure 12-10. — Remove the frisket and any re- 
Next, start again at the bottom. Proceed maining rubber cement. 


from dark to light as before, except that instead 
of following the pattern up as far as the first 





Figure 12-11. — Even tone, 142.262:.263 
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142.264:.265 


Figure 12-12, — Graduated tone, 


passage, stop just short of it, allowing the tone 
to fade out, It will be necessary to repeat this 
procedure several times, stopping short of each 
of the previous passages each time. The value 
is built up by going over the area repeatedly. 
In figure 12-12b you can see that the top of the 
drawing is white, the bottom is black, and there 
is a smooth, graded transition between, 


SPOT EFFECT 


To create a spot effect, cut a paper mask 
with a square opening. Tape the mask over a 
sheet of clean drawing paper so that it will not 
shift. 

Turn one corner toward you andairpaint 
horizontally across the corner two or three 
times, aiming the pattern so that most of the 
paint spray falls on the mask at this corner, See 
figure 12-13a. 

Without moving your arm, bend your wrist 
upward so the spray pattern is raised slightly. 

Return to the original position and apply 
about two more strokes in the corner again, Now 
rotate the paper, taking each corner in turn, and 
repeat the above procedure іп the same manner, 

With the four corners sprayed in, airpaint about 
ahalf-inchofeachcornerin solid black, fading 
gradually into the light area, Until the black is add- 
ed, keep all ofthe corners light. After all corners 
have been painted, join them witha light tone along 
the edge of the mask, Remove the mask as before, 


There should be a smooth transition with 
the spot fairly white and about one half-inch 
of solid blace at each corner as shown in figure 
12-13, | 


ТНЕ СОВЕ 


When rendering the basic forms with the 
airbrush, you will want to obtain the same three 
dimensional character of these forms as shown 
in chapter 10, 

In rendering a cube, draw a dark sharp out- 
line of the cube, Place a frisket over the paper, 
leaving wide borders of frisket all around. For 
this exercise, start with the darkest plane so it 
will serve as a value guide for the other planes 
and will save masking off certain areas when 
progressing from dark to light planes, 

Turn the drawing so that the corner to even- 
tually become the darkest is nearest to you and 
remove the frisket from this plane. Apply pig- 
ment to this corner, fading it out to the corner 
which is diagonally opposite it, See figure 12-143. 
Start each passage in the darkest corner, so that 
it receives most of the pigment. The darkest 
tone should not be reached until the end of this 
exercise, 

Now remove the frisket from the middle 
plane. Airpaint on the diagonal as before, keeping 
as close as possible to corner No. 1 because 
it is desirable to have as much contrast as 
possible between the intersection point of the three 
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142.266:.267 
Figure 12-13, — Spotlight effect. 


planes, Corner No. 2 should not be quite as 
dark as the black in the first plane. It is not 
necessary that the first plane be covered with 
frisket paper. See figure 12-14b. 


Remove the frisket from the last plane. Air- 
paint a graded wash that is still lighter than that 
used on the second plane. No pigment is applied 
to the far corner, so that it will remain white as 
shown in figure 12-14c. The frisket is now 
removed from the area surrounding the drawing, 
and any rubber cement left on the paper removed 
with a rubber cement pickup. Note that with the 
frisket removed all of the planes are smoothly 
graded in value. The only black is in the top left 
corner of the darkest plane, and the only white 
is next to it, with the third corner of a value 
halfway between the two. The completed cube is 
shown right side up in figure 12-144, In figures 
12-14а, 12-14b, and 12-14c, the cube was shown 
at the angle from which you would view it while 
doing the work, 

To render a sphere draw a circle and pre- 
pare the drawing paper as before by removing 
the frisket from the working area and cleaning 





142,270-.273 the working area of any rubber cement which 
Figure 12-14, — The cube, may have stuck to it. 
296 





Chapter 12— AIRPAINTING 








142,274-,276 
Figure 12-15, — The sphere, 


Airpaint a very light tone around the edge of 
the sphere, allowing the spray to fall on the 
frisket, Do this with short strokes іп both 
directions since long strokes here are difficult 
to control. Keep the tone as even as possible, 
fading it out gradually on the inside edge. 


Carry this coverage up farther from the 
bottom, leaving the highlight — a small circular 


area at the upper left of the sphere, The high- 
light should be left as white as possible, See 
figure 12-152, 

In the lower right area, airpaint a shadow 
along the right side a short distance from the 
frisket, then paint across the bottom and up the 
left side as shown in figure 12-15b. 

Now begin your heavy shading, leaving a re- 
flected light, The shading (as in the previous 
exercise) should be of short strokes in all 
directions except when fading out either at the 
upper right or upper left; work here in only 
one direction, 

At the top of the sphere, airpaint a slightly 
dark value off the edge of the frisket, then re- 
turn to the lower right shadow and continue to 
darken this area. Now work on the black value, 
which is airpainted in the approximate shape of 
a crescent. Full black is limited to this area. 
See figure 12-15c. 

Remove the frisket and the sphere is finished, 
The reflected light extends about two-thirds of the 
way around the sphere. The highlight is in the 
upper left area and the darkest area is dia- 
gonally opposite it in the lower right area. The 
only solid black should be the crescent shape in 
this area; the value fades gradually and smoothly 
to the highlight, Always pull the finger lever 
back only slightly and build the values up gradually. 


THE CYLINDER 


The first step in making a cylinder form is 
to outline a cylinder as it will look. Place a 
frisket over it and cut the frisket along the 
outline, Remove the inner frisket and clean the 
working area of the paper of any rubber cement 
which may have remained, | 

See figure 12-16, This example has a reflected 
light at the bottom and soft graded edges which 
make the flat rectangular shape seem to have a 





142,269 
Figure 12-16, — The cylinder. 
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definite round appearance. To achieve soft edges 
use a raised blotter as a mask. Forthe first 
few strokes, work almost vertically and then turn 
the brush slightly upward to fade the paint off 
gradually. 

Start at the top and paint a slight shadow 
then turn the drawing over, Using the same 
procedure, make the heavier shadow. Now remove 
the mask and darken the heavier shadow by working 
very close to the paper so that you will be able 
to avoid darkening the reflected light too much. 


PICTORIAL RENDERING 


For pictorial rendering start as before with 
sketches and roughs worked out indicating all 
shading and details, Transfer your selected 
layout to your illustration board (fig. 12-17). 

First start by airpainting the farthest back- 
ground areas of the scene and proceed pro- 
gressively to the foreground, As you can see 
in figure 12-18, the sky and water arethe farthest 
in the distance, so they are done first. Use masks 
as described previously to reach the desired 
effects as shown. 

In the next step, a frisket is placed over the 
entire drawing and cut to expose the land area 
on the horizon. (See fig. 12-19.) A flat tone is 
applied over this area, with more and darker 
paint applied toward the top to indicate depth 
and to strengthen the area against the sky. 

The middle value shadows on the land areas 
are then handbrushed directly over the air- 
brushed areas with opaque paint, as shown in 
figure 12-20. Still darker shadows are then 
painted over these. Once the land areas are 
completed, they are re-covered with a frisket 
and all frisket paper is then cut away to expose 
the areas where the aircraft is to appear. 


Figure 12-21 shows how the exposed aircraft 
area is airbrushed іп, An opaque paint is used 
for this purpose because the aircraft overlaps 
the land areas. A very light opaque gray is 
applied first, A darker gray is then airbrushed 
along the bottom and right side of the aircraft 
for shadow, 


Next the frisket is cut away to expose the 
area of the ship, and a partial frisket is placed 
over the area of the aircraft that comes in 
contact with the ship. A gray slightly darker 
than that used on the aircraft is then applied to 
the ship and Masts. (See fig. 12-22.) Following 
this, a darker gray is airbrushed over the 
shadow areas, The darkest shadows, windows 


of the bridge, and foreground detail are hand- 
brushed, The partial frisket on the aircraft 
is then removed and all detail work, shadows 
and highlights on the aircraft are handbrushed 
in. 

Finally the frisket is removed from the two 
figures in the foreground and a partial frisket 
is placed over all the areas adjoining the two 
figures. A light, flesh tone is airbrushed first; 
then darker paint is applied for shadowing, The 
white hat is painted in by hand and shaped by 
handbrushing. The blue uniforms are airbrushed 
next, saving all detail for last, All work is 
done with opaque colors, After the figures are 
completely airbrushed, details of the face and 
uniform are added by hand, Any additions or 
corrections, highlights, or darkened shadows 
are done as a finishing step. (See figure 12-23.) 

This is the normal procedure for rendering 
airbrush paintings. As a rule, you should apply 
the lightest tones first and work toward the 
darkest. All airbrush paintings require some 
work by handbrush. Details and highlights are 
almost always done with а handbrush, 


TECHNICAL 
AIRBRUSH DRAWINGS 


As an Illustrator Draftsman, you may have 
frequent requests to render technical drawings 
with the airbrush, Generally, this type of art 
illustrates factually or symbolically, the con- 
struction, function, or operation, of a machine, 
a physical phenomenon; an industrial process, 
or a biological theory. Technical illustrations 
are frequently used in instruction manuals, such 
as this one; they may also be used for visual 
aids, displays, and posters. 

As in all phases of illustrating, techniques 
depend on how the artwork is to be reproduced 
and used, as well as on the nature of the subject 
matter and the time to do the job. The airbrush 
is particularly useful because of its flexibility, 
control, shading, and color blending character- 
istics, 


As with all artwork, you must first work up 
a drawing of the object to be rendered, To 
airpaint the mechanical assembly shown іп figure 
12-24 you should use the formula for shading 
basic forms, 


The first step is to make a line outline drawing 
of the object. You can often do this by copying 
from blueprints or other available pictures of 
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the object to be done. Next, make a detailed 
indication of shading on the tracing paper with 
a pencil. 


After this, trace the outline drawing onto a sheet 
of illustration board and ink itin, Any of the drafting 
tools you commonly use can be used to complete 
this phase of the work, All changes or corrections 
should be made before the work is transferred, 
because the illustration board with the inked outline 
must be kept free from all spots, abrasions, 
and dirt, Any irregularities in the surface of 
the paper will affect the smoothness of the air- 
brush color. If you prefer, you may use a glossy 
photostat copy of the line drawing the same 
size as the rendering. The photostat will allow 
you to wipe away incorrect shading with a moist 
cloth. 


Since the shading has been predetermined, 
you can start almost anywhere, but a good rule 
is to start at the top and work down or from 
left to right in order not to disturb the com- 
pleted areas, Place a small frisket over the area 
you are working on. More than one section of 
the drawing can be exposed at one time if they 
are not adjacent to each other. Figure 12-25 
shows the line drawing covered with a frisket 
having some areas removed, Airpaint these 
areas using your rough as a guide to correct 
shading. 


In figure 12-26, the first frisket has been 
removed, A second frisket has been applied 
over the area and cut as indicated by the white 
sections. The second frisket covers the areas 
airpainted in the previous stage. You will notice 
the shading is distinguishable through the frisket. 
The same procedure is followed in completing 
this new area, The third step is shown in figure 
12-27, Continue this procedure as many times 
as necessary to complete the drawing. All frisket 
cutting is done on the black outline; therefore 
it may be necessary to touch up the outline 
with black paint or ink, 


In rendering the inside threads, you should 
use the same formula that you use in rendering 
the basic cylinder. Figure 12-28 (a through d) 
Shows an inside thread, enlarged for illustra- 
tive purposes. The shading of the major shape 
of the cylinder is done first, Because it is an 
inside view, the top and bottom is in shadow 
while the center is light. (See fig. 12-28b.) 


The individual threads are separated by a 
white highlight line drawn freehand with a sable 
brush and opaque white, (See fig. 12-28c.) 

At the left side of the cylinder form which is 
in heavy shadow, the added white is too strong 
for realism, so it must be toned down by air- 
brushing a little transparent black over it, as 
shown in figure 12-28d. 

Outside threads are handled in a similar 
manner, A frisket is placed over the area and 
the entire group of threads are then exposed, A 
heavy shadow is airbrushed at the bottom and a 
lighter one at the top, leaving reflected lights 
along the center, (See fig. 12-29a.) 


Remove the first frisket and replace it with 
a new one, Cut the new frisket carefully along 
the black line and remove it to expose only the 
first thread. Airbrush a narrow shadow off the 
edge of the frisket. Next remove the frisket 
from the second thread and follow the same 
procedure, using a mask when necessary to 
protect the thread already painted. (See fig. 
12-29b.) 


Airbrush each thread in turn until the entire 
section is completed, Then use a handbrush and 
opaque white and carefully highlight each thread 
along the black ink line, Once the highlights are 
completed, airbrush transparent black over the 
highlight lines to subdue them slightly in the 
shadow areas, (See fig. 12-29c and d.) 


Finally remove the frisket and touch up the 
area by hand, as necessary. 


You will notice in figure 12-30 how the upper 
areas of the mechanical assembly have been 
rendered. Since the primary shading plan in- 
dicated that one face of the cutaway section 
should remain white, no shading is applied to 
this area except where channels and similar 
hollow areas оссиг. 


Moving downward to the next area to be ren- 
dered, figure 12-30a shows the area covered 
with a frisket with several sections cut out, 
ready for airpainting. These areas must be 
staggered as described before, and each area 
must be shaded individually. 


The first frisket is removed and replaced 
with а new one over the same area, The re- 
maining sections are then exposed and airpainted. 
At this time, the outside body of the shaft has 
been started, This consists of soft edges so no 
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149,16 
Figure 12-23, — Finished illustration, 
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149,20 
Figure 12-26. — Apply a second frisket to protect 
finished areas, 





149,18 
Figure 12-24. — Mechanical assembly. 





149,19 
‘igure 12-25, — Cover the drawing with а frisket, 149,21 
then remove areas to be painted, Figure 12-27,— Touch up the outline if necessary. 
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149,17 


Figure 12-32, — Finished example, 


masks are reset within the frisketed area, The 
airpainting is done freehanded and serves mainly 
to define the edges of the various planes. (See 
figure 12-30b.) 

The remaining areas of the mechanical as- 
sembly completed, using the process just de- 
Scribed, (See fig. 12-31 a and b.) You should do 
Ше thread areas, bolt heads, and main body one 
step at a time, adding necessary highlights with 
opaque white and retouching any black areas with 
either black paint or ink, AS you can see by 


studying the work done on figure 12-32, knowledge 
of rendering the basic forms is essential before 
beginning any pictorial or technical airbrush 
illustrations, 

When airbrush painting is done on objects 
such as the mechanical assembly, transparent 
washes of different tonal values are most com- 
monly used, Opaque white and black are reserved 
for highlights and minor retouching. Highlights 
may also be added by using a diluted solution 
of opaque white, but this should only be done 
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when the area designed to be left light is acci- Government publications, Look for samples of 

dentally covered in the airpainting process, these to use as guides and practice rendering 

technical drawings every chance you get. Only 

You will find excellent examples of technical by thorough practice can you become proficient 
airbrush painting in many technical manuals or at rendering with the airbrush, 
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СНАРТЕК ІЗ 


АКТ FOR REPRODUCTION AND PRESENTATIONS 


Most Navy graphics shops are capable of 
doing a variety of jobs, such as the preparation 
of artwork and text for printing elsewhere, 
construction of a graph or chart, preparation 
of artwork for framing, and development of an 
illustration from sketches of objects. As an 
Illustrator Draftsman assigned to a graphics 
shop, you may be called on to do each job listed, 
In the course of doing a job, you will perform 
many tasks. Some of these tasks are preparing 
suitable art copy for reproduction in black and 
white and in color, constructing an organization 
chart or a graph, matting and mounting a photo- 
graph, and sketching an object from a written 
or oral description of it. 

In this chapter, you will be given fundamentals 
and techniques of printing by the letterpress, 
offset, and screen printing processes, types of 
graphs and charts and principles of constructing 
them; techniques of mounting artwork and photo- 
graphs that are to be framed, and techniques 
of sketching. 


ART FOR REPRODUCTION 


When artwork and text are being prepared for 
printing, it is important to know whether the 
printing will be done by the letterpress process 
or by the offset lithography process, Most Navy 
printing is done by the faster and more economical 
lithographic process, 

Both printing processes involve several major 
steps which break down into a series of smaller 
steps. Figure 13-1 shows the major steps in the 
lithographic process, starting with receipt of the 
work order and proceeding to the final operation, 
The following paragraphs will provide some 
details pertaining to the major steps in the 
printing process, 

The figure illustrates the normal flow of a 
printing assignment that involves artwork, Speci- 
fications and job particulars are supplied in the 
form of a work order (figure 13-1А). Forexample, 


work orders may include the following: size, 
kind, and color of paper; number of copies; 
artwork requirements, finishing operations, and 
other necessary information, 

From the work order and rough sketches 
(figure 13-1B) supplied by the requester you will 
be able to start the job, 

Study each job and decide how it can best be 
produced with the equipment available, At this 
point the text (typed material) and the existing 
art should be supplied to you. With these items 
available you make up a dummy (figure 13-1С), 
which is a sketch showing the positions of the 
text and illustrations. This dummy will enable 
you to determine the space available and correct 
proportions for the artwork. 

Copy preparation (figure 13-10) consists of 
drawing the illustrations, pasting the text and 
illustrations together to form the original, and 
proofing the original. 

The original then goes to a cameraman who 
photographs the copy to Ре reproduced (fig. 
13-1Е). He reduces or enlarges the film as 
necessary to the exact size for printing. After 
developing the film negative (fig. 13-1 F), he sends 
it to the opaquing and stripping section, where 
it is examined for defects, such as scratches 
or small pinholes, These defects are corrected, 
if necessary, with opaque paint (fig. 13-1G). 
If necessary, several negatives may then be 
stripped (taped) together in their proper printing 
(register) positions on a sheet of goldenrod or 
yellow-orange paper (fig. 13-1H). Windows аге 
cut in the goldenrod to expose the printing (trans- 
parent) areas of the negative. These areas will 
then print on the plate, but the areas masked 
off by the goldenrod will not. 

The next step occurs in the plate room where 
a light-sensitive plate and the negative are placed 
in a vacuum frame and the plate is exposed to 
а bright (carbon-arc) light (fig. 13-1I). During 
the exposure, light passes through the transparent 
areas of the negatives and hardens the coating 
on the plate where it strikes, After being removed 
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Figure 13-1. — Steps involved in producing а job by the lithographic process, 


from the vacuum frame, the plate is developed 
with chemicals which dissolve the unhardened 
areas of the coating, leaving the light-hardened 
areas on the plate as the printing image (fig. 
13-1J). The plate is then sent to the pressroom 
where it is placed on the press and printed 
(fig. 13-1K). 


When printed, pages are collated, folded, 
stitched, cut, trimmed, padded, punched, or other- 
wise finished (fig. 13-1L) according to the work 
order, 

Steps 13-1E through 13-1J consist of photo- 
graphing the original and making the printing 
plate, These steps may be accomplished in one 
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operation by a camera plate processor which 
eliminates the negative and plate making steps 
described in the preceding paragraphs. Whether 
your print shop's equipment conbimes the steps 
or does them separately, the DM must know its 
capabilities of enlarging or reducing andits 
copyboard size limitations, 


LITHOGRAPHIC 
PRINTING 


Lithographic printing consists of pressing 
paper against letters that are neither raised nor 
etched below the surface of a plate. As you 
can see, the letter in figure 13-2 is the same 
height as the blank, nonprinting areas around 
it. This perhaps leads you to wonder why the 
nonprinting areas don't ink up along with the 
image when the plate is put on the press. They 
undoubtedly would, if they were not chemically 
treated to repel the ink. As a result, only the 
image takes the ink; the nonprinting areas remain 
clean and appear on paper as white space. The 
offset press principle is shown in figure 13-3. 
The printing unit consists of an ink fountain 
and rollers, a water fountain and rollers, and 
three large metal cylinders. The plateis attached 
to the top cylinder, as you cansee in the illustra- 
tion, A rubber blanket is attached to the center 
cylinder, and the bottom cylinder carries the 
paper through the press, forcing it against the 
rubber blanket to make the printed impression. 

When the press is in operation the cylinders 
revolve, and the plate is carried first under the 
dampening rollers, and then under the inking 
rollers, and finally against the rubber blanket, 
The dampening rollers thus keep the nonprinting 
areas of the plate wet so that they will not take 
ink when the plate passes under the ink rollers, 
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Figure 13-2. — Lithographic printing. 
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57.6 
Figure 13-3, — Simple diagram of the printing unit 
of an offset press, 


As a result only the image is inked, After the 
plate passes under the ink rollers, it contacts 
the blanket cylinder, transferring theinked image 
to the blanket, The blanket, in turn, offsets or 
prints the wet image on the paper which is 
forced against it by the impression cylinder. 


Lithographic processes are called by many 
different names — planography,  zincography, 
photolith, photolithography, and so on, These 
names Sound confusing, and often are, But they 
needn't be, because most of them are just 
variations of the same old process, However, 
it is important to know that if a job is printed on 
an offset press from a lithographic plate, it is 
called offset printing. And if photography is used 
in making the plate, it becomes photo-offset 
printing. It is not photo-offset or photo-lithog- 
raphy, however, unless photography is involved, 


LETTERPRESS 
PRINTING 


In letterpress printing of text (figure 13-4), 
paper is pressed against letters whose surfaces 
are raised and inked, The low areas do not print. 
Artwork is prepared for printing by photographing 
and transferring to a specially prepared plate, 
an involved and complicated process, When etched 
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57.2.1 
Figure 13-4, — Letterpress printing. 


with acid the plate leaves an image standing in 
relief, This plate is then inked and pressed against 
paper. 


RESCALING 


The lithographic and letterpress printing 
processes require that a dummy be made before 
copy is prepared, The dummy itself enables you 
to determine whether the artwork provided is of 
right size of whether you must either enlarge 
or reduce the artwork, Where enlarging or 
reducing the artwork is required, you are faced 
with a rescaling problem that can be solved 





by the diagonal-line method, a scaling wheel, 
or by a mathematical method. 


Diagonal Line Method 


You can accurately and neatly change the scale 
or size of artwork by using a T-square anda 
triangle. Figure 13-5 shows the steps in the 
(scaling up) enlarging procedure, By reversing 
this procedure you can (scale down) reduce sizes. 
The first step is to fasten the art to one corner 
of the drawing board. (Though the upper left 
corner is used in figure 13-5, any other corner 
can be used without affecting the end result.) 
Then tape a large sheet of tracing paper over 
the art and draw a diagonal line from corner 
to corner of the original art, extending the line 
beyond the lower corner of the art as shown in 
figure 13-5, Next, draw a horizontal line of 
desired length to coincide with the top edge of 
the art. From the endpoint of this line, dropa 
vertical line that intersects the diagonal. Finally, 
draw the lower horizontal line through the inter- 
section of the diagonal and vertical lines. 

You сап enlarge a given area, such as the 
shaded one at the left of figure 13-6, by the 
following 3-step procedure: 


1. Place a larger sheet of tracing paper over 
the paper containing the shaded area; extend 
the lines that enclose the area to points on the 
upper and right-hand edges of the smaller piece 
of paper. 





142.258 
Figure 13-5, — Enlarging the scale by the diagonal line method, 
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142,259 


Figure 13-6. — Enlarging an area proportionately by the diagonal line method, 


2, From the lower left-hand corner of the 
paper, draw lines through the points to points 
on the edges of the tracing paper. 

3. Draw horizontal lines from the two outer 
right-hand points and vertical lines from the 
two uppermost points to obtain the enlarged area, 


Scaling Wheels 


You can also scale copy or art with a scaling 
wheel, like that shown at the top of figure 13-7, 
Although the dial of the wheel shown in the il- 
lustration contains a number of different scales, 
it is only necessary for you to use the outer most 
one (Scale C) when scaling copy or artwork. Set 
the longest pointer (called the cursor) to the 
number on the scale that corresponds to the actual 
length of the copy. Once this pointer is set, it 
will not move when you turn theother pointer, Set 
the short pointer to the number on the dial that 
corresponds to the actual width of the copy. 

Next move the long pointer to the number on 
the scale that represents the new length after 
reduction or enlargement, (The shorter pointer 
will turn with the long pointer.) Read the num- 
ber under the indicator on the short pointer, 
This number represents your new width, 

An example will help to make this clear. 
Suppose your original is 30 inches wide and 40 


inches in length. You should set the long pointer 
at 40 and the short pointer at 80, Then move the 
long pointer to 20 and read the number under 
the indicator on the short pointer. You will find 
this number is 15. 

You may prefer to use the scaling wheel that 
is shown in the illustration at the bottom of 
figure 13-7, This scaling wheel consists of two 
dials joined together in such a manner that the 
inner dial can be turned. Assume that you have 
an original that is 20 inches wide and 40 inches 
long and you wish to reduce the width to 15 
inches, You can find your new length by moving 
the inner dial until the 20 (original width) is 
aligned with the 15 (new width) on the outside 
dial as shown, Then look at 40(originallength) 
on the inside dial. Directly opposite itonthe outer 
dial you will find the figure 30, which represents 
the new length of your copy after reduction. 


Percentage of enlargement or reduction can be 
read from this type of scaling wheel. As you 
see the percentage of theoriginal size is indicated 
as 75 on the inner scale. This means that a 15 
by 30 copy is 75 percent of the original 20 by 40. 
This reading is made with no further adjustment 
on the inner or outer scale once the correct 
settings have been made for the widths and 
lengths. 


315 


ри КОЧ» ААА НЫ. 21 


ILLUSTRATOR DRAFTSMAN 3 % 2 
also increased or decreased proportionately, 
When you know the width, you can calculate the 
new length by using the following formula: 
original width increased or decreased width 
original length” increased or decreased length 
Suppose you wish to reduce an original that 
is 3 inches wide and 6 inches long to fit a space 
that is 2 inches wide, To find the new length you 


simply substitute the figures in the formula to 








2 
x 


alos 


get: 


Cross-multiplying, you get 
3x = 12, огх = 4 


Therefore, your new length will be 4 inches, 


COPY PREPARATION 
When you are preparing illustrations and text 


for reproduction, the copy is assembled and sent 
to the cameraman, If the text and illustrations 


are to be copied at the same scale the two should 
be combined, However, you cannot paste-up or 
mount illustrations that require an enlargement ог 
reduction or that are to be shot as halftones 
(which will be described later) because they 
require different camera setups. These illustra- 
must be photographed separately and 
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! 5 ў When the original is photographed, the masked 
portions will show up on the negative as ''windows" 
or transparent areas, The art to be copied 
separately is then shot. The negatives thus 
produced are then stripped into the master nega- 
tive, Stripping in this case consists of placing 


07.980 
the inserts (sometimes called strip-in negatives) 


into the proper windows on the master negative 
and securing them with strips of red cellulose 





Figure 13-7, — Scaling wheels. 
tape. (See figure 13-8.) 
A product called Line-up Board may be used 
as a base for an original, especially when you are 


positioning type, headlining, illustrations, and 


Mathematical Method 
Of course, if no scaling wheel is available, you 
may work rescaling problems by mathematics. 


Always remember that when the width of the 
artwork is increased or decreased, the length is 
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The Affair of the Ming Vase 


© How Fate Dealt Miss Carrol a Telling Blow Just 
When She Was Becoming Reconciled to Her Taking Ways 


BY VIRGINIA HARRISON 


уэ stoned to Dox at (э алау of coe fld. Oseo ошз lo, she телеп) lies composure 
twh jewelry. Whenshe picked up her purse, aind recived never (o бо inte tii store again 
which she had placed on the counter, she aiso ë Whatif they found out vao she was and tole 
picked up a bracelet whieh had been Iyins un? her соусе what ke kad done? She would 
derit, She turned and walked swift'y ou! of рогі сну be dieharzc, for she worked in a 
the store carrying Us bracelet with her, When Базы, end the president wouldn't want a thief 
sh? reached th: street, she found herself breath- ТТ for bim, If sbe were discharged, could 
Jess, almost ах thogh she kad been running. (аба! апай job? Woaldn'i ether people 
And the bracelet -Why had ane taken it? She sat to Гру whv sho hu! left her job at the 
eouldn't take it back now. ‘The girl at the ЕРТ у Carroll wes chorou hls distressed. 
eounier would starent her во. No, she eouldn't aq ys... next day she was болто by thc 
take it baek. there fh! thet et any moz nt she misht be sent 
Yes, that was the way dt had brun, fop ad called upon to explain her conduct on 
thought Miss Curral as she уг Кей home Pom tos se бау. When tlie дах ended without 
work опе evenin*. Laking the bracelet anf raphin Miss Cas ceil who vastly точ. 
heen го hd, but ihi arme do take кото: | 
по matior what, had лл swonzer and stron: 
Severa! ао И to past few we 
sae ‘had oven ruban бИ! while хһорріп wit) 
frion ios DET 1 НТ for те: 
з ВА ЕЕІЗУ ЕТЕ ДІН: expensive perh т. 
не мийи а p ise counto with twe о? 
her friends Th vest oe! to be nothing h 
could do about и. Mos Carrol! reachal the 
plece where -Lo Dess went inside, и 
аз! mounted the siuirs to Sor room, - She lad 
h» eost and het спо си" and. went over to 
a dune поталу ТЕ which stood іп ons 
corner. After unl ag and opening on» of 
draw ors, sheplaced the bottle of perfume in. it 
and stood lookin at the друг” other centers, 
They ranged from Uny things to large thing, 
from fhe inexpensive to the costly. The 
majority of them she did not want and had 
absolutely no use for. Why had she taken 
them? Miss Carroll didn't Know. With a 
sich, she shut the drawer and lochedit. Then 
she went out to eat supper, 
The next day, as Miss Carroll wasal- 
tenptine to take а pair of gloves from à 
counter, а woman whom she: had not 
notice]. before took her arm and said “I believe 
vou have accidently spieled up a pair of gloves 
along with your purse, m iss." Miss Carrol jump- 
ed, turned a violent red, dropped the gloves ard 
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57.135 
Figure 13-8, — Line and halftone negatives spliced together. 


other items, Line-up Board is ruled in a grid Wax may also be used; in some ways itis 
which enables you to position your work quickly preferable to rubber cement, Wax is quicker to 
and accurately. When photographed the grid will apply and it is easier to move the copy in case 
not copy because it is light nonphotographic blue, you mount it in the wrong place on the layout 
thus the resulting copy has a clear background апа later have to move it to another area, Only 
and black image, the back of the art to be mounted is waxed; 

Rubber cement may be used to, attach the therefore, the Line-up Borad or mounting board 
copy to the Line-up Board or Illustration board, | should not need cleaning after attaching the art. 
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57.581 
Figure 13-9. — Waxing machine. 


Wax, however, will not hold as well as rubber 
cement, 

Figure 13-9 shows a waxing machine. Copy 
is fed face up through two rollers onthe machine, 
The lower roller carries the wax and waxes the 
bottom of the copy. In addition to the waxing 
machine shown there are small hand waxers 
available which are handy for small quantities 
of work and larger waxing machines which apply 
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an even coating of wax over the entire reverse 
side of the copy. 


BLACK AND WHITE 
REPRODUCTION 


Artwork to be printed falls into one of three 
general classifications: line, tone, or combina- 
tion. 


Line copy consists of pen and ink drawing, 
typewritten material, lettering, and any other 
artwork which will appear as lines or solid blocks 
of color without gradations in tone, (See figure 
13-10.) 


Tone copy consists of washes, opaque render- 
ings, photographs, and other types of work 
composed of a series of tones that blend together 
without clear-cut divisions, To preserve the 
shadows and tones found in this type of copy when 
reproducing by the printing methods described 
earlier in this chapter, the cameraman uses 
a special method, Tone copy must be photographed 
through a ruled screen, This screen breaks up 
the image into a series of tiny irregular dots, 
like those shown in figure 13-11. These dots 
enable the printer to print tone as if it were line 
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142,96 
Figure 13-10. — Line drawing. 
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copy. However, the dots аге so small that they 
blend together to give the appearance of continuous 
tone. 

Combination copy, as the name implies, is 
art that consists of both tone and line work; 
for example, figure 13-12 to which lettering and 
arrows have been applied, To reproduce the art- 
work as tone and the lettering and arrows as 
line, the cameraman must make two negatives, 
one for the line and one for the tone, These 
negatives are then double burned on the plate 
by the platemaker producing a combination tone 
and line image. If the line and tone images do 
not overlap or touch each other they may be fitted 
or stripped together, making a double burn 
unnecessary. 


Preparing Line Drawings 
for Reproduction 


Line drawings should generally be done on 
white paper with black india ink for reproduction, 
Dark blue and red ink will also reproduce fairly 
well, but pale colors such as light blue, gray, 
or yellow should not be used, nor should an 
original drawing be prepared on colored paper. 
Some colors photograph as black or gray, making 
it difficult for the cameraman to separate the 
drawing from the background when he makes the 
negative. 

Clippings of previously printed line drawings 
may be used when the original artwork is not 
available, However, if the clippings have been 






142.285 
Figure 13-11. — Halftone reproduction. 


printed in color or printed on colored paper, 
you should consult your cameraman before sub- 
mitting them, He can sometimes reproduce color 
by photographing it through a filter. Filters make 
some colors photograph darker andothers lighter 
than the original copy. In some cases, the filter 
will cancel out the background color, causing it 
to photograph as white, In other cases, it will not 
be possible for the filter to separate the back- 
ground from the copy, and it will be necessary 
for you to make a new original in black and white, 


You сап also use sharp, glossy photographic 
prints of original line drawings or clippings as 
copy. You may retouch these photographic prints 
with ink, or with black and white watercolors, 
Smudge marks and fuzziness may be painted out 
with chinese white, and broken or grayed areas 
may be sharpened and filled in with india шк. 


DRAWING SIZES FOR COPY TO BE RE- 
PRODUCED, — Most line copy is reproduced at the 
same size or smaller. Enlargement magnifies 
defects and gives line work a crude appearance, 
Therefore, when preparing the original, make it 
larger than the printed illustration is to be. 
As a general rule an original should be made 
a maximum of two times larger or a minimum 
of one and one-half times larger or at another 
scale in between the two, as long as it remains 
proportionally correct, The cameraman may then 
reduce the image to one-half, one-third, or other 
proper size when he makes the negative. 
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DRAWING FOR REDUCTION AND REPRO- 
DUCTION, — When making drawings larger than 
the final printed size you must consider what will 
happen when the picture is reduced, A drawing 
reduced to one-half of its original size will 
be reduced proportionately throughout; both the 
lines and the spaces between the lines are reduced 
in size. 

Figure 13-13A shows a drawing made with 
reduction in mind. Figure 13-13B was made 
without allowing for reduction. In drawing A all 
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11.317X 
Figure 13-12. — Combination copy consisting of both tone and line work, 


of the fine lines hold up. As a result of having 
the lines too close in drawing B, many of the 
fine lines are ''dropped out'' and some sections 
have ''filled up'', leaving solid black areas where 
crosshatching was desired, 


UNIFORMITY IN A PUBLICATION, — When 
preparing a series of illustrations for a publica- 
tion, you should draw them all to the same scale 
if possible. You will improve the appearance 
of the job and also save time in the camera 
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142,249 


Figure 13-13, — Keeping reduction in mind, 


room, since all the art can then be copied 
with the same camera setup. Lettering on all 
artwork throughout a publication should be care- 
fully planned to assure uniformity in size after 
reduction, 


LINE TECHNIQUES, — Line drawings may be 
rendered іп many ways. А knowledge of these 
line techniques is basic to your career as an 
Illustrator Draftsman, Therefore, you should 
take every opportunity to practice with each of 
the following techniques, 

Figure 13-14 illustrates the COQUILLE and 
GLARCO BOARD technique. Coquille and Glarco 
drawing papers have grain ог embossed surfaces 
which are available in many textures, When a 
black crayon is dragged across the top of the 
grain the raised areas become black, while the 
recessed spaces between the grain remain white, 
When the crayon is pressed hard against the 
board, the white spaces fill up and a solid black 
results. With this technique, a sable brush and 
ink is often used to do large, smooth, and solid 
lines, Opaque white is used to cover areas that 
have been drawn оп, 


Figure 13-15 shows the dry brush technique. 
This technique is usually best accomplished if 
used on а course-grained paper. Solid areas are 
painted with a fairly wet brush pressed firmly 
against the paper. For shaded areas, the brush 
is used somewhat drier, and the brush is always 
tested on another piece of the same type paper. 
For the light tone areas, a comparatively dry 
brush is dragged across the drawing very lightly 
so that only the raised tooth of the paper catches 
the black ink, 


Figure 13-16 shows a stipple drawing done 
with a rigid pen nib, The point is pressed lightly 
across the paper for the smaller dots and pressed 
heavier for the larger dot and the lines, This is 
another technique where a sable brush is used 
for heavier lines and solid black areas, 


Figure 13-17 shows the scratchboard tech- 
nique, This technique of line drawing reproduces 
very well, even when greatly reduced, In addition, 
mistakes can be corrected easily. 

Drawing items that are required include a 
special scratchboaad paper (which is coated with 
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Figure 13-15,— Dry brush technique, 142,246,2b Figure 13-16. — Stipple technique. 142.246.2с 
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142.248 


Figure 13-17, — Seratchboard drawing. 


a fine white clay), ink, pen or brush, scratching 
tools (X-acto knife), tracing paper, pencil, and 
chalk. 

To create a drawing with this technique, start 
with a good detailed preliminary drawing contain- 
ing value patterns and exact details. Draw this 
preliminary drawing ontracing paper and transfer 
it to the scratchboard, 

To transfer the drawing to the scratchboard 
surface, the back of the preliminary drawing is 
coated with either white chalk or pencil, de- 
pending on the type of drawing being done, If the 
typical scratchboard method is used, white design 
against a black background, you use the chalk 
transfer procedure after the drawing surface 
has been inked. If the pattern is to be a black 
design against a white background, the pencil 
transfer procedure is used and then the areas of 
black are inked in, A third method of scratch- 
board is to combine both methods mentioned, The 
pencil transfer is used to trace down the design, 
The black areas are inked in and then the design 
on the blackened areas is traced on the back by 
using the chalk transfer method, These three 
techniques are shown in figure 13-17, 


Figure 13-18 shows the crosshatch technique 
for creating (опе. The secret of effective cross- 
hatching lies in the careful control and knowledge 
of the exact number and character of lines needed 
to create tone of a given value, A flexible fine 
nib pen is most commonly used for this technique, 


When a wider line is needed, the nib is spread 
apart by pressing it harder against the paper. 

Two other techniques that are basically varia- 
tions of the crosshatch and stipple techniques 
involve the use of Craftint paper and shading 
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142,246, 2е 
Figure 13-18. — Crosshatch technique, 
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sheets which make it possible to add tones to 
a line drawing and still have the drawing re- 
produced as a line plate. 

Figure 13-19 was done on Craftint paper. 
The surface of this paper is chemically im- 
pregnated with invisible patterns which are 
available as single or double tone in a variety 
of screen patterns, An acid developing solution 
applied to the Craftint paper brings out the pattern, 
The preliminary pencil drawing is done directly 
on the Craftint paper or it may be transferred 
to the paper by the tracing paper method, You 
draw black lines with pen or brush and water- 
proof india ink, Where a dark tone is desired, 
apply a dark tone developer and use enough 
to bring up a sharp and even tone. If too much 
developer is used, blot up the excess right away. 
After developing all the dark areas, apply a light 
tone developer in the same manner you used the 
dark developer. After the surface dries, erase 
pencil lines and add desired black and white 
accents with ink or opaque white, 

Fingerprints repel the developing solution so 
keep a slip sheet under your hand to protect 
the drawing surface while you work on it. 

Shading sheets consist of transparent acetate 
printed with a large variety of patterns, (See 
figure 13-20,) They are pre-waxed on one side 
so that they can be applied directly to the 
drawing paper. 

After completing the line drawing and re- 
moving all unwanted pencil lines, apply the 
sheets over the area to be shaded, Cut out the 
areas that remain clear with an X-acto knife and 
remove the excess shading, Burnish the remaining 
shaded areas down so they will adhere securely 
to the drawing. (See figure 13-21.) Areas that 


N 
N 


33 SS S 
«С Se 
NS 
X 


b 
23: 
NI 


^ 
N 


À 


& 
$ 1 


N 
` 





1 The drawing is first 
penciled, then inked 
on Doubletone 
paper. 


2 Craftint developer is 
applied with either 
pen or brush to the 
places the dark tone 
is desired. 


3 The light tone is next 
applied in the same 
manner completing a 
drawing with two 
tones of grey in addi- 
tion to black & white. 


142.246.1 
Figure 13-19. — Craftint, 
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57.29.0 
Figure 13-20, — Some of the patterns available оп 
acetate shading sheets, 


are dirty or raised from the drawing surface, 
such as tape lines, should not be covered with 
the shading sheets because when the art is photo- 
graphed these areas may cause shadows on the 
photograph. 


Preparing Tone Copy 
for Reproduction 


Glossy photographs of original drawings and 
screened halftone clippings may be used as сору. 
If the halftone dots in a clipping are coarse, 
the cameraman may be able to copy the clipping 
as а line shot, But if the original screen was 
fine and the dots indistinct the clipping must 
be re-screened and the copy should be marked 
"halftone'', Clippings never reproduce as well 
as the original copy. When clippings are re- 
screened, the dots from the old screen often 
overlap the new dots to form a disturbing pattern 
called moire, Tone drawings that are prepared 
for reproduction should generally be one and one- 
half to two times larger than the desired repro- 
duced copy. 

It is better not to do drawings for black-and- 
white reproduction in colors, especially show card 
colors, because the colors usually appear muddy 
and photograph either too dark or too light, 
Also, it is difficult to copy color photographs, 
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142,282 


Figure 13-21, — Shading sheet technique, 


01] paintings, and pastel drawings for black- 
and-white reproduction because the colors do 
not photograph truly. Film emulsions are more 
sensitive to some colors than they are to others 
and consequently some colors photograph too dark, 
others too light. 

If a photo is used it should be mounted on 
heavy mounting board and marked with crop 


marks, Crop marks are directions to the plate- 
makers indicating how much of the photo is to 
be used, Cropping is done to eliminate meaningless 
details and to focus interest on the important 
features of the picture, Since the cornersof 
photographs are rarely square, it is a good habit 
to establish a squared-up figure inside the original 
edges. Cut two right angles from heavy white 
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142,278 


Figure 13-22. — Cropping. 


bond, Place these over the photograph and move 
them about freely until good composition and 
proportion are obtained, Insure the resulting 
rectangle is square then mark the borders where 
possible. Remove the two paper right angles and 
finish marking the mounting board, not the 
photograph, where the photo is to be cropped, 
Figure 13-22 shows this procedure, 





REGISTER MARK 


==> 
==> 


57.38.0 
Figure 13-23, — Line copy prepared оп ап acetate 
overlay for a combination job, 


Preparing Combination Copy 
for Reproduction 


When lettering or other line work is to be 
combined with a photograph (or any kind of tone 
drawing) the photograph should be mounted first, 
You can then cut out the type and paste it directly 
on the photograph or you can attach an overlay 
to the photograph and paste the type on the 
overlay. (See fig. 13-23.) 

Pasting the type directly on the photograph is 
more economical than the overlay method because 
it enables the cameraman to shoot the entire 
job as a straight halftone, However, it has two 
disadvantages: 


1. The lettering in the reproduced illustration 
is likely to be fuzzy and indistinct, since it will 
be broken up by the halftone screen, 

2, Shadow lines may appear in the reproduced 
illustration around the pasted-up areas, and there 
is no way to remove these shadows, 


Therefore when you are looking for quality, 
you Should prepare your line copy on the acetate 
overlay and mark the job ''surprint,'' Surprint 
is a print from a second negative superimposed 
over a print from the first. 

When lettering or artwork is done оп ап over- 
lay, the overlay should be keyed to the photograph 
(master) with register marks. Register marks 
insure that the various elements willfit correctly 
when printed together. 

Place or draw register marks in each margin 
of the master and repeat these marks on each 
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subsequent overlay. The location of the register 
marks depends to some extent on the nature 
of the job. Generally they should be placed so 
they will be cut off when the job is trimmed 
to present a neat appearance, 

When close resister is required, large artwork 
may carry ав many as 8 marks, having 3 along 
the leading edge (gripper edge), 3 on the tail 
edge, and 1 centered on each side of the image. 

Register marks may be drawn in ink as shown 
in figure 13-23, or you may use commercially 
available register marks which are printed on 
transparent tape. 

Clippings or photographs of printed com- 
bination work may also be used as copy. They 
may be shot as regular halftones or as combina- 
tion work, depending on the effect desired. 


COLOR REPRODUCTION 


Chances are that you will not be doing much 
color work for reproduction in the Navy due to 
the difficulty and expense of multicolor printing. 
However, it is a good idea to be familiar with 
the processes used for preparing copy for color 
reproduction, Color reproduction may be classi- 
fied into two categories: process color and flat 
color, 


Process Color 


Continuous tone artwork, such as a water- 
color painting, to be reproduced in full color 
is usually rendered in full colow and the separation 
is left to the cameraman. By rendering with 
colors that are similar to the colors of inks 
the printer uses, you are likely to get better 
reproduction of the artwork. 

In order to reproduce the copy in full color, 
it is necessary for the printer to make four 
separate negatives andfour separate press plates. 
Since colors normally photograph as black or 
shades of gray, regular black and white film 
is used for color separation work, In order to 
separate the colors of the original copy, the 
cameraman photographs the original through 
a series of filters. 


A blue filter is used for photographing the 
yellow in the copy and the negative thus pro- 
duced is known as a ''yellow printer'' negative, 
A red filter is used for the cyan (blue) printer, 
and a green filter is used for the magenta (red) 
printer. Black may be photographed without a 
filter or with a combination of red, green, and 
blue filters. 


The film is developed and printed onthe press 
plates in the usual manner, The original] colors 
are then restored when the plates are run on 
the press in the proper colors of ink. (See figure 
13-24.) Since impressions from the red, yellow, 
blue, and black plates must be made on the paper 
one over the other to restore the full color to the 
finished print, the cameraman changes the angle 
of the halftone screens ruled crosslines for each 
shot. This causes some of the dots to overlap 
and some to print side by side when the plates 
are run on the press, (See figure 13-25.) Because 
they are so small, the dots blend together to 
produce color sensations. 


For run-of-the-mill work, the operator may 
get by with three negatives and three plates 
since most colors can be obtained from com- 
binations of the primary colors, Overprinting 
red and blue produces purple; yellow and red 
make orange; blue and yellow make green; and 
the three colors can be overlapped to give the 
effect of black. 


Flat Color 


Line artwork that is to be reproduced in color 
may be known as flat multicolor printing. Separate 
cells (artwork) must be prepared for each color 
to be printed. When a line illustration is to be 
printed іп color, а simple black-and-white drawing 
is all that is required ifthe colors do not overlap. 
A tissue overlay attached to the original drawing 
indicates the areas that are to be printed in 
color and the colors to be used. The cameraman 
then makes a single negative from the drawing, 
and the platemaker breaks the negative for color 
when he makes the plates, When making the first 
plate, the cameraman uses goldenrod to mask 
out all areas on the negative that are not to be 
printed in one particular color. Then he makes 
another plate, this time masking off all areas 
that are not to run in the second color, If a 
third color is desired, he follows the same 
procedure in making the third plate, and so on. 


If colors overlap or are so close that the 
platemaker would have difficulty, you must make 
the separations by preparing an overlay for each 
color to be printed, Start by making an original 
in nonphotographic blue, Second, make a black- 
and-white overlay for each color. The first 
color may be drawn directly over the blue line 
original, Place at least two or more register 
marks on the original and all overlays. Do not 
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A. Yellow printer negative made Бу В. Positive plate fromthe yellow пеза- С. Positive plate from the yellow nega- 
photographing the colored copy tive, printed in black for study tive (yellow printer) printed in 
through a blue filter. purpose. yellow. 
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D. Red printer negative made Бу Е. Positive plate Нот the red nega- Г. The yellow plate overprinted with 
photographing the colored copy tive (red printer) printed in red. the red plate. 
through a green filter. 
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С. Blue printer negative made Бу Н. Positive plate Нот the blue пеза- |. Combined yellow, red, and blue 
photographing the colored copy tive (blue printer) printed in blue. printings. 
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J. Black printer negative made Бу K. Positive plate from the black nega- L. Combined yellow, red, blue, and 
photographing the colored copy tive (black printer) printed in black. black printings. 
through a yellow filter. 


Reproduced from a Kodacolor Print 


149,59Х 
Figure 13-24, — Separation negatives, plates, and progressive proofs as used in the four-color process, 
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Figure 13-25. — Enlargement of four-color print, 


remove any of the overlays until the job is com- 
plete. This ensures that each line is inits proper 
location and that every line on the original is 
covered, (See figure 13-26.) 

Originals are best submitted on a heavy 
illustration board or mounted on the same for 
protection, Overlays may be made on tracing 
paper or acetate, Tracing paper takes ink lines 


better than acetate, however large inked areas 
tend to wrinkle the tracing paper. Acetate is 
easier to see through than tracing paper, 
especially when several overlays are needed. 
Lines made with tape, such as Chartpak, adhere 
better on acetate; shading sheets, such as Zip- 
a-Tone, adhere better and are easier to cut on 
an acetate surface, 


329 





ILLUSTRATOR DRAFTSMAN 3 6 2 





/ 
j u » 


Ba Ac X ҮЗҮ 





57.41 

Figure 13-26, — Illustration showing how artwork 
is prepared for a job when the colors overlap. 
The base drawing is made on illustration 
board in black and white, Areas that are to 
go in color are then prepared on separate 
acetate overlays which are attached to the 
original drawing. The original drawing and 
the overlays must carry register marks. 


Original and overlays are then shot separately 
making a negative for each color, After making 
a plate for each negative the printer runs each 
color in succession, aligning the register marks. 


SCREEN PRINTING 


Screen printing is a kind of printing process 
in which paint (called ink) is squeeged through 
a piece of fabric (the screen) onto a piece of 
paper (the print) positioned under the fabric. 
Because the fabric has long been made of silk, 
the procedd is sometimes called silk screen 
printing. In some respects, the process is similar 
to a stencil printing process. 


Screen methods of printing have long been 
fast easy ways for the DM to letter signs and 
apply decorations. Also screen printing offers 
a comparatively simple and inexpensive method 
of printing in color, 


Basic equipment for screen printing includes 
a frame and base, squeegee, screen fabric, 
stencil material, ink, and paper orother material 
to be printed оп, 


Frame and Base 


Commercially manufactured frames are avail- 
able, or a frame like the one shown in figure 
13-27 can be made locally. The size of the 
frame will limit the size of the prints which 
can be made, so make sure the frame is large 
enough for your needs, Inside dimensions of the 
frame should be at least 6 inches greater than 
the size of the print to provide extra space at 
the ends for ink, 


The frame is hinged to a printing base. A 
table top or sheet of plywood covered with il- 
lustration board сап serve as the base, It should 
be larger than your largest frame and have 
a flat smooth surface. 







SILK 


PAPER TO 
BE PRINTED 


GUIDES 


LOOSE PIN HINGES FRAME BASE BOARD 


SILK 
‘SCREEN 


142,286 
Figure 13-27. — Screen printing frame and base, 
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Squeegee 


Ink is spread and forced through the screen 
with a squeegee which may be purchased com- 
mercially. The width of the squeegee should be 
small enough to fit within the frame and at least 
2 inches larger than the widest part of the 
stencil. | 

Squeegee blades аге made in several shapes. 
The most popular blade shape for printing on 
flat surfaced objects has square edges; bevel- 
edged blades are used for printing on glass, uneven 
surfaces, or textiles. 

For best results, hold this blade at about 
а 60-degree angle when drawing the ink across 
the screen. Practice will help you determine the 
angle to use to obtain the best impression, 


Fabric 


Though quite successful as a screen fabric, 
silk has some drawbacks, It allows inks to 
saturate and build up; also it is vulnerable to 
solvents used to remove certain stencil material. 
Dacron, being more uniform than silk in construc- 
tion and extremely durable, is preferred over 
Silk. Better still is screen made of nylon or 
polyester. Inks will not build up or cling to 
these fabrics as they do to silk. 

Deposits of ink will vary with the thread 
diameter and the mesh or open space between the 
threads or filaments of fabrics. As a rule of 
thumb use a finer mesh for finer detail. In 
general fabric mesh is designated by number, 
Dacron, for instance, ranges from 6XX to 30XX, 
А 6XX-to-8XX mesh is suitable for handcut 
stencils, 18XX-to-30XX mesh for detailed photo 
stencils. 

Fabric is attached to the frame in several 
ways. One method of attachment consists of two 
steps: first position the fabric over the bottom 
of the frame, ensuring that the mesh is parallel 
to the sides of the frame. Second, place a cord 
over the fabric and force the cord and fabric 
into the groove of the frame, working completely 
and evenly around its perimeter. 

Wash and dry the fabric after attaching it to 
the frame. In this way, you remove the sizing 
that may be in the fabric. 


Stencils 


When a design is to be printed stencils are 
used to block all nonprinting areas, Paper stencils 
are especially useful in making about 50 prints 


or less of a design containing large lettering. 
Stencils of this kind can be prepared as follows: 


(1) Lay out the lettering directly on the 
stencil material such as drafting paper, white 
butcher paper, or singwriters bond, 

(2 Using a sharp knife, cut out the letters 
including the centers of letters such as A, O, 
P, D, etc. 

(3 Mark each cut out center so that you can 
put it back in the letter from which it was cut, 

(4) Lay the cut stencil over another piece of 
paper on the base and replace the cut-out centers 
where they belong. 


At this stage, the screen is lowered into 
position, Ink is then poured into the base. Draging 
the ink across the screen with the squeegee will 
cause the stencil to adhere to the screen, From 
this point, you are ready to make prints. 


Needing more than 50 copies, you should 
apply shellac to the stencil and attach it to the 
screen as follows: 


(1) Coat the stencil paper with shellac, al- 
lowing it to dry. 

(2 Cut and lay the stencil on the base as 
described before, 

(3) Place the screen over the stencil, then 
cover the screen with newspaper. 

(4) Using a warm flat iron on the newspaper, 
soften the shellac. This will affix the stencil 
to the screen, 


Inks 


Inks are classified according to composition 
or end use as poster inks, enamels, lacques, 
vinyls, and others. Paints used for screen printing 
are called inks, regardless of their composition. 


Poster ink is used mostly for paper prints 
and cardboard displays. It may have either a flat 
or glossy finish. Drying time is approximately 
twenty minutes, Mineral spirits can be used for 
thinning and wash up operations, Other thinners 
may be specified for special types of formulated 
inks, 


Prints 


A print is made each time ink is moved 
from one end of the frame to the other, Store 
prints as they are made in a way that will prevent 
them from sticking together or smearing while 
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they are drying. Specially designed storage racks 
can accommodate several prints in a compara- 
tively small space. 


ORGANIZATION CHARTS 


An organization chart presents in block form 
the structure of an organization, indicating com- 
ponent parts and their interrelationships. To be 
effective, an organization chart should be limited 
to showing lines of authority and responsibility, 
span of control, and functional relations. 


TYPES OF ORGANIZATION 
CHARTS 


There are three basic types of organization 
charts: structural, functional, and billet assign- 
ment or position, Some organization charts are 
combinations of these basic types. 


Structural Organization 
Chart 


A structural chart represents the most com- 
mon and simplified method of presenting an 
organization plan, The chart serves primarily to 
establish the basic control relationships and 
reporting responsibilities. It contains a minimum 
of textual information. A structural chart can be 
devised for any organization, regardless of size. 
Figure 13-28 is an example of a structural 
organization chart, 


Functional Organization Chart 


The primary purpose of a functional type of 
organization chart is to indicate the functions of 
the components represented. The blocks of the 
chart contain statements of the functions of each 
component іп the organization, See figure 18-29, 


NAVAL TRAINING ACTIVITY 


OFFICER IN CHARGE 


CHIEF TRAINING OFFICER 





POLICY 
COMMITTEES 


MANAGEMENT 
DEPARTMENT 


SERVICES 
DEPARTMENT 


DIVISION DIVISION 3A 


DIVISION DIVISION 38 


GENERAL TRAINING 
DEPARTMENT 


ADVANCED TRAINING 
DEPARTMENT 


DIVISION DIVISION 


DIVISION DIVISION 


SPECIAL 
ASSISTANTS 


FISCAL 
DEPARTMENT 4 


PERSONNEL 
DEPARTMENT 


DIVISION 4A DIVISION 5A 


DIVISION 48 DIVISION 5B 


SPECIAL TRAINING REFRESHER TRAINING 
DEPARTMENT DEPARTMENT 
DIVISION DIVISION 
DIVISION DIVISION 
142,375 


Figure 13-28, — Structural organization chart. 
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MILITARY PERSONNEL DEPARTMENT 


PL ANS, DIRECTS, AND COORDINATES А CENTRALIZED 
MILITARY PERSONNEL PROGRAM WHICH INCLUDES 


SUCH FUNCTIONS AS PROCESSING OF RECRUITS, 


RECEIPT, TRANSFER, CLASSIFICATION, MAINTE- 
NANCE OF OFFICER AND ENLISTED RECORDS, 
PERSONNEL ACCOUNTING, AND INFORMATION AND 


EDUCATION. 





PERSONNEL ACCOUNTING EDUCATIONAL AND INSURANCE RECEIPT, TRANSFER, AND 
CLASSIFICATION DIVISION AND RECORDS DI VISION SERVICES DIVISION SEPARATION DIVISION 


ADMINISTERS BASIC BATTERY 
TESTS TO RECRUITS, AND SPE- 
CIAL TESTS TO SELECTED 
PERSONNEL; SCORES TESTS AND 
RECORDS GRADES. 

PRESENTS ORIENTATION LECTURES 
FOR RECRUITS ON SUCH TOPICS 


AS ENLISTED NAVAL CAREER PRO- 


GRAMS, TRAINING, AND DUTY 
ASSIGNMENTS. 

INTERVIEWS RECRUITS AND REC- 
OMMENDS, ON THE BASIS ОҒ 
TEST SCORES, EDUCATION, AND 
WORK EXPERIENCE, ASSIGNMENT 
TO GENERAL DUTY, SERVICE 
SCHOOL, OR SPECIAL ASSIGN- 
MENT. 

INFORMS RECRUITS, WHOSE TEST 
SCORES OR EDUCATIONAL BACK- 
GROUND QUALIFY THEM, OF 
THEIR OPPORTUNITIES ІМ СОМ- 


COMPILES, BY MACHINE METHODS, 
A VARIETY OF PERSONNEL RE- 
PORTS FOR TRAINING CENTER 
AND BUREAU OF NAVAL PERSON- 
NEL USE, SUCH AS PERSONNEL 
DIARIES, CLASSIFICATION LIST- 
INGS, AND ALLOWANCES. 

MAINTAINS ENLISTED PERSONNEL 
RECORDS FOR RECRUITS AND 
SHIP'S COMPANY. 

FURNISHES INFORMATION FROM 
SERVICE RECORDS TO DEPART- 
MENTS, ON REQUEST. 

PREPARES AND LOGS IDENTIFI- 
CATION, LIBERTY, AND MESS 
CARDS. 

PREPARES, AND FORWARDS TO 
NADO, CLAIMS FOR PERSONAL 
AND DEPENDENTS' TRAVEL, AND 


FOR MOVING PERSONAL EFFECTS. 


ADMINISTERS EDUCATIONAL PRO- 
GRAMS DESIGNED FOR THE GEN- 
ERAL EDUCATIONAL ADVANCE- 
MENT OF MILITARY PERSONNEL, 
SUCH AS USAFI COURSES; AND THE 
PROFESSIONAL DEVELOPMENT OF 
MILITARY PERSONNEL, SUCH AS 
NAVAL CORRESPONDENCE IN 
RATING. 

ADMINISTERS HIGH SCHOOL AND 
COLLEGE GED TESTS. 

PROVIDES EDUCATIONAL GUIDANCE 
FOR RECRUITS AND SHIP'S COM- 
PANY PERSONNEL. 

ADMINISTERS THE GOVERNMENT 
INSURANCE PROGRAM. 

PROVIDES GUIDANCE ON SUCH 
SUBJECTS AS SETTLEMENT 
OP TIONS, CASH SURRENDERS, 
PREMIUM WAIVERS, AND OTHER 
PHASES OF INSURANCE. 


RECEIVES AND VERIFIES ORDERS, 
SERVICE AND OTHER RECORDS, 
PREPARES NECESSARY FORMS 
AND ENDORSEMENTS; LOGS IN 
INCOMING ENLISTED PERSONNEL. 

TRANSMITS PAY, MEDICAL, AND 
SERVICE RECORDS TO COGNIZANT 
DEPARTMENTS, INITIATES ACTION 
TO SECURE MISSING PAPERS AND 
DOCUMENT S. 

COLLECTS NECESSARY RECORDS 
AND PREPARES TAO, TAD, INTER- 
AND INTRA-STATION TRANSFER 
ORDERS FOR ENLISTED PERSON- 
NEL. 

PROCESSES AND RECORDS DIS- 
CHARGES, RELEASES, RETIRE- 
MENTS, AND REENLISTMENTS. 

MAINTAINS CHANGE OF ADDRESS 
FILE FOR 2 YEARS IN ORDER TO 
ANSWER PERSONAL AND OFFICIAL 


MISSIONING PROGRAMS; AND 
PREPARES, PROCESSES, AND 
TRANSMITS APPLICATIONS. 





INQUIRIES. 


142,376 


Figure 13-29, — Functional organization chart, 


Position or Billet 
Assignment Organization Chart 


Position or billet assignment charts show the 
various billets required by the components of an 
organization. The charts may show (1) names, 
billets, and titles or grades of personnel as 
they fit into the organization plan, or (2) billet 
titles and grades, but not names of personnel, 


An example of the latter position or billet 
assignment chart is shown in figure 13-30, 


Combination 


The purpose for which a chart is to be pre- 
pared will indicate the kind needed, It may be 
possible to combine into one chart all three of the 
basic types of organization charts, if the organi- 
zation is small and simple. Combining too much 
information into a single chart tends to make the 
chart hard to use. 


Large bureaus and offices ofteh prefer a 
combination chart for picturing their subsidiary 
components, Combining a functional type with a 
structural type may be best for portraying all 
necessary details of the functions and structure 
of subordinate components. The top block will 
contain, besides the functional designation for the 
component represented, a brief statement of 
its functions. Greater detail can be shown on 
other subsidiary charts of the components as 
required, Do not omit any details which point 
out close relationships between functions. An 
abbreviated outline of such a chart is shown in 
figure 13-31. 


FORMAT 


Organization charts when possible are made to 
conform to a format which is prescribed by 
SECNAV INST 5400.1. Principle points in chart 
arrangement are completeness, simplicity, clar- 
ity, symmetry, and unity. 
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CLASSIFICATION DIVISION 


CLASSIFICATION OFFICER-LT 
ASST CLASSIFICATION OFFICER-LTJG 


TESTING BRANCH INTERVIEW BRANCH SELECTION AND 
ASSIGNMENT BRANCH 


| PNC HEAD 
| PNI SELECTOR 





| PNC HEAD 

2 PNI INTERVIEWING REVIEWER 

| YNI CLASSIFICATION INTERVIEWER 
2 YN3 TYPIST CLERK 


| PNC HEAD 
3 PNI TEST ADMINISTRATORS 


2 PN3 TEST CLERKS 2 PN3 CARD CONTROLLER 


2 PN3 ASSIGNMENT 
3 РМЗ TYPIST CLERK 


3 PN3 TEST SCORERS 
4 PN2 PROCTORS 





Figure 13-30. — Position or billet assignment organization chart. 142.377 


ADMINISTRATIVE SERVICES DIVISION 


RESPONSIBLE FOR ACTIVITY MAIL; 
RAPID COMMUNICATIONS; FILES; 

OFFICE EQUIPMENT AND SUPPLIES; 
SPACE ALLOCATIONS; BUILDING SERVICES 
AND MAINTENANCE; RECORDS MANAGE- 
MENT PROGRAM; REPORTS MANAGE- 
MENT PROGRAM; AND FORMS MANAGE- 
MENT PROGRAM. 





C OMMUNICATIONS SERVICE AND SUPPLY BRANCH 


OFFICE METHODS BRANCH AND FILES BRANCH 





SUPPLY SECTION 


DISPATCH SECTION 


MAIL SECTION SERVICE SECTION 


FILES SECTION MESSENGER SECTION 


DUPLICATING SECTION 


Figure 13-31. — Combined organization chart, 142.378 
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THIS 


PUBLIC WORKS 


MAINTENANCE BRANCH 





BUILDING 


TRADES 552 


SECTION 


MATERIALS 
SECTION 


SECTION 





. RATHER THAN THIS 


PUBLIC WORKS 


MAINTENANCE BRANCH 


BUILDING 
TRADES 
SECTION 


LABOR 
SECTION 





JOINER ROADS AND 
GROUNDS U 
JOINER PLUMBING ELECTRIC PAINT 
PLUMBING SANITATION SHOP UNIT | | SHOP UNIT SHOP UNIT SHOP UNIT 


SHOP UNIT SHOP UNIT 


ELECTRIC 
SHOP UNIT 


PAINT 
SHOP UNIT 


. SECTIONS, WHEN SPACE PERMITS, 


MATERIALS 
SECTION 


ROADS AND 
GROUNDS U 


SANITATION 
SHOP UNI T 


SHOULD BE DRAWN ON THE SAME 
HORIZONTAL PLANE. 


№ 


. DIAGONAL LINES SHOULD МОТ BE USED. 
. AVOID CROSSING LINES OF AUTHORITY. 


. NOTE PREFERRED METHOD FOR DRAWING 
LINES OF AUTHORITY FOR "UNITS", WHEN 
DRAWN VERTICALLY UNDER THE SECTION. 


142,379 
Figure 13-32. — Achieving simplicity in organization chart layout, 


An organization chart should be as complete 
as possible in identifying component relationships, 
Chart notes on subsidiary activities, additional 
duties or inactive functions and other clarifying 
statements should be indicated along with the 
date in the upper left-hand corner, 


You can simplify an organization chart by 
eliminating its confusing or complicating ele- 
ments, However, do not do so just for simplicity 
sake or for easier charting. 


Clarity and simplicify are closely related but 
not identical. A chart can be simple in that it 
has only a limited number of organizational 
components represented with a small number of 
lines joining the blocks. However, if the lines 
are confused, blocks not labeled, or titles omitted, 
the chart is not clear, Figures 13-32 and 13-33 


illustrate good and bad examples of organization 
charts and contain other suggestions for simpli- 
fying chart layouts, 

A symmetrical chart is a balanced chart, 
Do not force symmetry into a chart, but present 
the command organization in a well-balanced 
arrangement without clouding the structure, See 
figure 13-34, 

Unity in a chart means having each component 
related to others on the chart, either by a con- 
necting line or through other organizational 
components, No branch, section, unit or staff 
element can exist by itself; each must be clearly 
subordinate to command authority. 


Paper and Materials 


Charts developed for local activity use only 
may be prepared on any size paper, If the chart 
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DISBURSING BRANCH 





DISBURSING OFFICER 












DISBURSIN G SAVINGS BOND 
SECTION SECTION 


FISCAL UNIT 
CIVILIAN PAYROLL UNIT 






RATHER THAN THIS 


DISBURSING BRANCH 
DISBURSING OFFICER 


CIVILIAN 
DISBURSING SECTION 
FISCAL ACCOUNTANT 


FISCAL UNIT 
CIVILIAN 
PAYROLL UNIT 
SAVINGS BOND SECTION 


SECTION BLOCKS SHOULD BE THE SAME SIZE АМО, IF POSSIBLE, 
DRAWN ON THE SAME LEVEL. IF SPACE 15 LIMITED, SUBSIDIARY 
ORGANIZATION COMPONENTS SHOULD BE DRAWN IN A VERTICAL 
LINE DIRECTLY UNDER A PARENT ORGANIZATION AS SHOWN FOR 
FISCAL UNIT AND CIVILIAN PAYROLL UNIT IN LEFT-HAND CHART. 
ORGANIZATIONAL DESIGNATION (SECTION, UNIT) SHOULD BE SHOWN. 


142,380 


Figure 13-33. — Achieving simplicity in organization chart layout. 


is to be reproduced, however, prepare it on an 
8- by 10 1/2 inch sheet orona sheet proportional 
in size, 

When charts are to be reproduced by photo- 
graphic means, they may be prepared on a layout 
board that has been printed with a blue dropout 
grid, thus eliminating constant measurements with 
a scale, Lettering may be by typing, headlining, 
Leroy, or any means available. Layout lines may 
be drawn first in nonphotographic blue pencil 
and then inked or taped (Chartpak Tape). Line 
weights may be the same throughout but, foreasy 
reading and a better looking chart, use a heavier 
line weight for lines of authority than for blocks. 


Blocks 


Block sizes may vary but, in a structural 
chart, the top block is the largest and the other 
blocks decrease in size with each lower level. To 
achieve balance and clarity in structural charts 
and in other types where suitable, make blocks 
at the same level of equal size. This is a general 
rule for block size and does not always apply 


to other types of charts, In drawing a functional 
chart, for example, you may allow more space 
for functional statements than would be available 
under this rule, In these cases, the block size 
for lower components may be increased as 
necessary. You may also have to increase block 
size at a lower echelon when drawing position 
charts, 

For existing full-time subdivisions, the block 
is a solid line rectangle, Other subdivisions are 
shown as follows: 


Permanent full-time subdivision 
created — hidden line broken block(---------- e 

Full-time subdivision to be abolished dot- 
dot-dash block (.. .. .. .. ..). 

Inactive command components whose functions 
are currently being performed by another activity, 
or which will be manned upon mobilization — dot- 
dot-dot block (, . . . . o è o e e ole 


Many variations can be used to indicate other 
situations, but be sure to label dot-dot-dash and 
dot-dot-dot blocks as ''(proposed)'' or show this 
in a legend. 
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THIS 






SPECIAL SERVICES 
DEPARTMENT 








RATHER THAN THIS 






DEPARTMENT 










RECREATION 
DIVISION 













SPECIAL SERVICES 


ATHLETICS 
DIVISION 


OR THIS 


SPECIAL SERVICES 
DEPARTMENT 


RECREATION DIVISION 








RECREATION STATION 
RECREATION| | ATHLETICS 
DIVISION DIVISION FUNDS NEWSPAPER ATHLETICS OIVISION 
DIVISION DIVISION 


RECREATION FUNDS DIV 


STATION NEWSPAPER DIV 

















STATION 
NEWSPAPER 
DIVISION 









RECREATION 
FUNDS 
DIVISION 








142,381 


Figure 13-34. — Balance and symmetry. 


Numerous subdivisions on the same level of 
authority may be staggered as in figure 13-35 
for the purpose of shortening the paper size. 


When one individual occupies two or more 
bilets, place as asterisk in the appropriate 
blocks on the chart (figure 13-36). Asterisks 
that indicate part-time split functions apply in 
particular to staff assistants, weapons and deck 
forces, and maintenance personnel. 


Lines 


Authority lines should be shown as solid 
vertical or horizontal lines which start from 
and enter into the center of each block, Diagonal 
lines should not be used. Nor should lines be 
constructed so they cross each other, Intersecting 
lines complicate a chart, Unit blocks that are 
directly under a section block are connected with 
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ТНІ5 


EBEN 


RATHER THAN THIS 


ЕЛГЕ ЕСЕ 


142,382 


Figure 13-35, — Staggered subdivisions, 


authority lines centered on the unit blocks as 
shown in figure 13-37, 

To denote liaison or intercommunication be- 
tween two components, draw hidden lines to 
connect the blocks, 


FLOWCHARTS 


Flowcharts show the flow of data through a 
data processing system, the operations performed 


by the system, and the sequence in which they 
are performed, These operations are presented 
on the flowchart so that they are easy to visualize 
and follow. 


As a DM you will get requests to construct 
flowcharts from rough drafts. To construct flow- 
charts, you must be able to interpret and translate 
the rough drafts, using symbols, 
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ADMIN 
AsS' T * 


ADMIN ADMIN 
Ass'T % AsS'T % 
LEGEND: 


* PART-TIME SPLITTING OF FUNCTION. SAME 
PERSON PERFORMS THE DUTIES OF ADMINI- 
STRATIVE ASSISTANT TO A, B, AND C. 


142.383 
Figure 13-36, — Splitting of functions. 


THIS 


ENLISTED RECORDS SECTION 


RECOROS CONTROL UNIT 


RECOROS VAULT UNIT 


RATHER THAN THIS 


ENLISTED RECOROS 
RECOROS CONTROL 


RECORDS VAULT 


ORGANIZATIONAL DESIGNATION (" SECTION" AND "UNIT") SHOULD BE USED. 


142,384 
Figure 13-37. — Vertical alignment of unit boxes. 














FLOWCHART SYMBOLS 


The language of flowcharts is composed of 
many symbols, By themselves, the symbols 
represent devices and functions; their arrange- 
ment shows the direction of flow, Symbols should 
be uniform in meaning. А given symbol should 
always mean the same no matter where it 
appears. For example, a manual operation rep- 
resented at one time by a trapezoid-shaped 
symbol should not be represented the next time 
by a square-shaped symbol, The template shown 
in figure 13-38 is used for constructing the 
flowcharts of an information processing system. 


CONSTRUCTING 
FLOWCHARTS 


Since most flowcharts are to be reproduced, 
the sheet size should be 8 by 10 1/2 inches or 
a proportional size. If reduction is required 
legibility of the text should be the main considera- 
tion, Text may be applied using any available 
means, such as leroy, freehand, headlining, or 


typing. 


The first step is to draw the primary flow 
lines in a nonreproducible blue, Allow enough 
space between these lines for thelargest symbols 
and additional flowlines, arrowheads, and notes, 
(See figure 13-392.) 


Second, draw the symbols on the primary 
flowlines in ink, Using the flowchart template 
and starting at the beginning, draw each symbol 
at an equally spaced distance from the last, 
Flowchart templates are marked with centerline 
indications on each symbol. (See figure 13-39b.) 

Third, ink over primary flowlines and add the 
other flowlines and arrowheads as necessary. 
(See figure 13-39c.) Normally flow direction is 
from left to right and top to bottom. Ifthe 
direction of flow is other than normal, arrowheads 
are required at the point of entry. 

Fourth, add the lettering. (See figure 13-39d.) 

As an alternative to a single symbol with 
appropriate text, symbols may be shown in an 
overlay pattern, as shown in figure 13-40, to 
illustrate the use or creation of multiple media 
or files; for example, number or copies, types 
of printed reports, types of punched card formats, 
and multiple magnetic tape reels. 


The overlay pattern is drawn from front to 
back, The order of the symbols is from front 
to back when establishing sequences or priorities. 
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MANUAL 
OPERATION 


PUNCHED CARD 


"C Жж 
DIR, № 


PROCESSING AND 
PREDEFINED 
PROCESS 


(TERMINAL ) 


FLOW 


DIR. 


CONNECTOR 


DISPLAY OUTPUT 


V 


FLOW 





INPUT 
AND/OR 
OUT PUT 


AUXILIARY 

OPERATION CONFORMS TO 

USA STANDAROS 
INSTITUTE 
X3.5-1966 


PUNCHED TAPE 


> 


OFFLINE 
STORAGE 


ONLINE 
STORAGE 


Л 


49.149. (49B) 


Figure 13-38. — Flowchart template, 


GRAPHS 


A graphical presentation is usually quicker 
to grasp and clearer than a table of figures, 
Graphs, which are sometimes called charts and 
sometimes called diagrams, are used extensively 
in engineering work and publications and as 
visual aids in Navy training programs, When 
properly constructed and understood, a graph 
is a useful tool for conveying information, ana- 
lyzing data, and presenting statistics for com- 
parison and prediction, 


The types of graphs presented in this chapter 
are used mainly to present quantitative data, 
such as costs, profits, production, and manpower, 


RECTANGULAR 
COORDINATE GRAPH 


The rectangular coordinate graph is used to 
plot a set of points to show the relationship 
between two variables, This graph can be used 
to advantage for plotting a large number of points 
in a compact space, comparing two or three 
related curves on the same graph, and rep- 
resenting overall trends as opposed to changes 
in absolute amounts. 


Coordinates are quantities which designate 
the position of a point in relation to a given 
reference frame, In telling someone that the post 
office is two blocks east of Main Street and 
three blocks north of Broadway, you are using 
a reference frame and coordinates, The reference 
frame in this example was Main Street and 
Broadway. The coordinates were two blocks 
east and three blocks north, 

A reference frame may be designated X-axis 
and Y-axis as shown in figure 13-41, The X-axis 
and Y-axis divide a plane into four areas or 
quadrants which are numbered counterclockwise, 
The intersection of the two axes is the origin 
or zero point for all measurements, Measure- 
ments to the right of and up from the origin 
are given as positive, or plus, values, Measure- 
ments to the left and down are given as negative, 
or minus, values, Therefore, quadrant I will 
have positive values along each axis; quadrant 
II will have negative X-axis values and positive 
Y-axis values; quadrant III will have negative 
values along each axis, and quadrant IV will 
have positive X-axis values and negative Y-axis 
values. 

Coordinates are often used with a grid ora 
network of uniformly spaced straight lines inter- 
secting at right angles (figure 13-42), The heavy 
dark lines in this figure form the reference 
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ІЗІ 


А. DRAW PRIMARY FLOW LINES. B. DRAW EACH SYMBOL AT AN EQUAL DISTANCE FROM 
THE LAST. 


LAST ҮЕ5 НА(Т 
ЖЕБЕ) CARD END OF JOB 
NO 
< > READA 
$ SET ME MASTER e 
| RECORD 


OOK OS 


READ A 


READ A TEST » DETAIL 
MASTER FOR RATE ADJUSTMENT 
RECORD CODE O ROUTINE 
MASTER SET 
CHANGE SWITCH 
ROUTINE 1 
DETAIL 
RECORD 
CLEAR 
® SWITCH б 
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<> 
Г) 
Г] 


С. INK OVER PRIMARY FLOW LINES AND ADD THE OTHER |0. ADD LETTERING. 
FLOW LINES AND ARROW HEADS AS NECESSARY. 


49.329(49) В 
Figure 13-39, — Representative program flowchart, 
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TRAILER CARD 
SUMMARY CARD 






DETAIL CARD 


MASTER CARD 


49.363 


Figure 13-40. — Symbol for multiple media, 


EASTERN i 


ACTIVITY 
REPORT 





frame which consists of horizontal and vertical 
base lines that define the left-hand and bottom 
limits of the graph in quadrant 1, Each base 
line is divided into units of measurement which 
are further divided into tenths, 

Point P on the graph is located by (1) meas- 
uring the X-coordinate from the origin O to the 
right along the X-axis two whole units plus six 
tenths of a unit, (2) measuring the Y-coordinate 
up along the Y-axis three whole units plus one 
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Figure 13-41. — Reference frame, 
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Figure 13-42, — Coordinates of a point оп a grid, 


tenth of a unit, and (3) drawing perpendicular 
intersecting lines from these measured points. 
The point of intersection is Р. 

The coordinates of a point are shown on a 
graph as a pair of numbers placed inside paren- 
theses and separated by a comma, The X-co- 
ordinate preceded the Y-coordinate, If the point 
is designated by letter, such as P, the letter 
goes to the left of the parentheses, On a graph, 
the point P above is written Р(2,6, 3.1). 


CONSTRUCTION OF A 
BAR GRAPH 


The following paragraphs will outline a6-step 
procedure for constructing the representative bar 
graph of figure 13-43, The graph reflects the base 
рау of an E-4 with 5 years of service at intervals 
of 3 years from Oct, 1, 1946 through Oct, 1, 1970. 
The pay, in dollars and cents, is given below: 


1946 — 105.00 
1949 — 132,30 
1952 — 137.59 
1955 — 159,90 
1958 — 170.00 
1961 — 170.00 
1964 — 210.00 
1967 — 254.10 
1970 — 330,60 
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Figure 13-43. — Representative bar graph. 


Step 1. Determining the reference frame, 
Since the values, time and pay, are both positive 
quantities, the X-axis and the Y-axis can serve 
as the reference frame and the entire graph can 
be constructed in quadrant I. 

Step 2. Choosing appropriate axes. То deter- 
mine on which axis to plot each set of values, 
use the general rule: Plot constant values along 
the X-axis, dependent values along the Y-axis, 
In this example, each year is a constant value, 
Whereas the pay itself depends on the year, 

Step 3. Selecting paper size and scale, The 
Size of a graph will be limited to the size of 
paper used, In the sample graph, the original 
paper's size before reduction was 8 1/2 by 
11 inches, When deciding on how large to make 
the graph, try to fill the entire page proportion- 
ately. However, remember to allow margins at 
the sides for figures and explanatory notes, 

To find a suitable scale for the X-axis, 
notice that there are 9 values to be plotted or 


eight 3-year intervals. By allowing one inch 
for each interval, you can see that the 11-inch 
side of your paper is long enough for the 8-inches 
required plus 3 inches left over for the margins, 
Also, if there is enough room, space should be 
left between the first plot and the Y-axis, 

The bar size in the example is 4/10-inch 
wide, each bar is centered on one of the 9 plots, 
and 4/10-inch was left from the center of the 
first bar to the Y-axis. This same 4/10 of an 
inch should also extend beyond the center of the 
last bar in order to present a balanced graph. 
Therefore, the basic 8-inch X-axis and the two 
additional 4/10-inch spaces equal a total of 
8 8/10-inches required for the X-axis, 


In finding a suitable scale for the Y-axis, 
find the largest value to be shown, For the ex- 
ample, this value is 330.60 and is quite obvious. 
Add an additional amount to this largest value 
to make the scale read higher. In this sample, 
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50 dollar intervals fit the situation well; there- 
fore, the scale was increased to 350.00 Finding 
the largest value will not always be as easy. 
Before proceeding, however, be sure you are 
right or you will end up redoing your work, 
Remember you now are working with the 8 
1/2-inch side of your paper and must also leave 
enough room in the margins for a title and 
explanatory notes. 

With the aid of your engineer's scale, you 
can determine the best scale for the Y-axis, 
If you try the 10-scale, you will see that 350,00 
lies between the 3- and 4-inch marks, Using 
3 1/2-inches for the length of the Y-axis leaves 
5 inches for margins,— too much, Likewise, 


the 20, 30, 40, and 50 scales do not give the 
most desirable division of the Ү-ахів, But the 
60 scale does because the 35 or 350 mark is 
just under 6 inches, leaving room for approxi- 
mately 2 1/2 inches of margin, 

Step 4. Laying out the axes, When laying 
out the X-axis, remember to make the left-hand 
margin larger than the right. The 2 21/0 inches 
allowed for margins in the sample was separated 
into 1 1/2- and 7/10-inch margins, The larger 
left-hand margin is roomy enough to show the 
scale and notes that apply t the graph. Now make 
a light vertical line 1 1/2 inches from the left 
side of the рарег— this line will eventually 
represent the Y-axis. 
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142.3154(142А) 


Figure 13-44, — Representative line graph. 
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Next lay out the Y-axis, placing the numger 
10 engineer's scale on the light vertical line 
you have drawn, Measure off enough room from 
the bottom of the page to allow for explanatory 
notes,—in this case, 1 2/10 inches, Mark this 
distance off on the light line. At this point 
turn the engineer's scale to the 60 scale, Starting 
at 0 mark off every 50-dollar interval up to 
350.00 Note: Indicate your marks accurately 
with a sharp pencil or slight puncture mark, 
Draw each division with a small (in this case 
1/10 inch) horizontal tick mark. 


Now return to the X-axis and draw a light 
horizontal line from the origin. On this line, 
mark off 4/10 inch, locating the centerline of 
the first bar, From this point, locate the center- 
lines for the remaining bars, Then mark off 
another point 4/10 inch past the last centerline, 


Step 5. Plotting values. Plotting the points 
that represent the amount of pay in each year 
is a matter of measuring vertically with the 
selected (60) scale along each year. Plotted 
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ponts may then be shown with a bar that repre- 
sents the amount of pay (rounded off to the 
nearest dollar, in this example), 

Step 6. Finish the drawing, Finish the drawing 
by inking in the axes and bars, or by taping 
the lines in with a suitable tape, such as Chart- 
pack. Use a pattern tape, or a zip-a-tone pattern 
to make the bars, Add the lettering and figures, 
centering each in its appropriate place. 

When more than one paygrade history is to 
be shown on the same graph, a line connecting 
each point would be less confusing than if a 
bar graph were constructed, (See figure 13-44.) 
This type of graph is known as a basic line or 
graph chart, 


PERCENTAGE CHARTS 


Percentage breakdowns may be shown in two 
ways: percentage bar charts and pie charts, 
Figure 13-45 shows a bar chart in which each 
bar is divided into segments adding up to 100 
percent, Percentage bar charts may beused where 
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142,315е(142А)В 
Figure 13-45, — Percentage bar chart. 
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several related items are to be compared and 
are individually broken into percentages of their 
wholes, Figure 13-46 shows a pie chart in which 
all the sectors included within the circle add 
up to 100 percent. This pie chart is easily 
understood if there are not too many sectors 
involved, 


The plotting of a pie chart requires the 
knowledge of angular measure and the use of a 
protractor. (Described in chapter 3.) Since the 
360 degrees of the circle equal 100 percent, 
180 degrees equal 50 percent, 90 degrees equal 
25 percent, and so on, To determine the number 
of degrees, multiply the percentage that the 
segment will represent by 3.6 degrees, After 
the percentage has been changed to degrees 
each segment is plotted. 


Plotting pie charts will be relatively easy 
if you have a percentage protractor like the one 
shown in figure 13-47, These protractors are 
divided to 1/2% and with two rows of figures 
numbered in opposite directions from 0% to 
100%. 

Lettering on a pie chart should indicate the 
percentage of each sector. If a sector is too 
small to enclose the lettering, place the lettering 
close enough to the sector so that a reader can 
see it without taking his eyes off the chart, 
Where it is not possible to letter directly on 
the sectors, put a legend on the chart, 


1% 





142.315а(142А) 
Figure 14-46, — Pie chart, 





45.126Х 
Figure 13-47. — Percentage protractors. 


For contrast, crosshatch or color the in- 
dividual sectors of the pie chart. 


MATTING AND MOUNTING 


In all graphic shops, a large amount of 
time is spent on projects other than actual 
illustrating. These projects are essential and 
include the steps necessary for completing the 
job. In many instances artwork and photos are 
matted by the graphics shop when they are to 
be used for display purposes, A mat is a border 
made of paper or cardboard and located between 
a picture and its frame. Mounting is done for 
a variety of reasons, such as protection, ease 
of handling, and framing. 


CUTTING A MAT 


A mat which has a professional appearance 
requires considerable experience to size and cut, 
Tools needed to size and cut matting are a 
steel straightedge, scale, sharp mat knife, and 
tape. Mats are usually cut from a special matting 
board available in several colors. 

One helpful rule to remember when sizing 
a mat is the top and sides shoul measure equal 
and the bottom should be slightly larger. A good 
ratio of the top and sides to the bottom is 3:4. 
This rule may not always work, but the bottom 
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should always be larger than the top to conform 
with the optical center rule of chapter 9, 

Make all measurements and cuts on the front 
side of the mat. This is done because the knife 
will make a slight ridge as it cuts through the 
board. Mark with very light pencil lines the 
corner points of the areas to be cut. Check the 
measurements against the desired area on the 
picture being matted so you can adjust, if nec- 
essary, before cutting. 

Hold the knife at right angles to the mat to 
make a square cut and at a lesser angle to make 
a beveled cut, Whichever knife angle you start 
cutting with, be sure to use it all the way around, 
and do not extend the cut beyond the corner masks, 
You can make clean, sharp corners by beginning 
at a corner mark, Place the steel straightedge 
so that it covers the mat, Cut on the inside 
edge of the straightedge so that a slip would 
cut into the inside rather than the mat. (See 
figure 13-48.) It helps to have a scrap piece 
of cardboard or illustration board under your 
mat. 

To attach the picture to the mat, attach a 
strip of tape to the back of the picture, allowing 
one-half the width of the tape to extend beyond 
the edge of the picture, Place the mat over the 
picture and, when it is lined up properly, press 
it against the protruding tape. This will hold 
the picture and the mat together while you turn 
them over and tape the remaining sides, 





Figure 13-48. — Cut mat so that a slip would cut 
into the inside rather than the mat, 142,324,1 


MOUNTING 


Two methods of mounting discussed in this 
section are mounting with a dry mount press 
and mounting with rubber cement, 


Dry Mounting Press 


The dry mounting press offers clean fast 
mounting. A thin sheet of translucent material 
which dissolved under heat and adheres to and 
binds both surfaces is used for the adhesive, To 
cover the picture area it is sometimes necessary 
that several sheets of adhesive be used for one 
job. The only restriction is that the sheets cannot 
overlap beneath the art; this will cause a seam 
to be visible. It is permissible to leave space 
between the sheets beneath the art, The dry 
mounting press is frequently used in graphic and 
photographic departments on photographs, photo- 
stats, or any paper lightweight enough for the 
heat to penetrate. 

An electric ''tacking iron'' is used to fasten 
the work temporarily in place. The adhesive 
sheets are trimmed evenly with the photo. No 
adhesive should extend beyond the edge of the 
photo or it will stick to the press, For рго- 
tection, place a sheet of paper over the photo 
when using the tacking iron. Place the photo 
face up in the press with a protective tissue 
over it. Apply heat and pressure for 15 to 30 
seconds. Any bubbles in the mounted photo may 
be pressed down with the tacking iron if necessary. 

Artwork containing zip-a-tone or other wax 
adhesive materials cannot be mounted in the dry 
mount press. 


Rubber Cement Mounting 


Of all the adhesives available rubber cement 
is the most versatile, the easiest to handle, 
and the easiest to remove from almost any 
surface without leaving a mark. 

Rubber cement should be about the consistency 
of honey if it is to flow properly and hold 
permanently. Rubber cement hardens very quickly 
when exposed to air. When old or left uncovered 
in its containr, rubber cement becomes a 
stringy, sticky mass that is sure to make a 
bad, lumpy mounting. Manufacturers of rubber 
cement offer a thinner (Bestine) which can be 
added to thickened cement and mixed in until the 
consistency of the cement is right. If thinned 
too much, however, the rubber cement will not 
hold well. 

Pieces that have been mounted with rubber 
cement can be removed by applying the rubber 
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cement thinner along their edges, The thinner 
seeps beneath the edges and loosens the dry 
cement, As the edges loosen, grasp the mounted 
artwork and gently pull it off the board while 
floating more thinner along the portions that 
remain stuck. An old lighter fluid can or oil 
can is a handy dispenser for the thinner. 

Rubber cement and the cement thinner are 
highly flammable. Do not use them near an 
open flame; don't use the thinner near a lighted 
cigarette. 

A rubber cement pickup (made of crepe latex) 
is very useful in removing excess cement, It is 
rubbed gently over the dry cement and easily 
picks up the cement in hard to get at areas, 
If a pickup is not available, rub the dry cement 
off with your finger or with a dry ball of rubber 
cement, 

There are two methods of using rubber 
cement in mounting; the wet mount method and 
the dry mount method. The latter should not be 
confused with the dry mounting press. 


WET MOUNTING.—A semipermanent meth- 
od, wet mounting allows you to more the artwork 
when positioning it on the mounting board, In 
this method, the rubber cement is applied to 
only the underside of the piece being mounted, 
The first step is to cut the piece to the desired 
size with a sharp razor blade or X-acto knife. 
Then mark the exact position for the piece 
on the mounting board, Cover the reverse side 
of the piece being mounted evenly with cement 
and place it directly on the mounting board 
while wet. This enables the piece to be moved 
freely for proper alignment, When the piece 
is properly located, place a sheet of tissue paper 
over the piece and press the piece flat with 
a triangle to squeeze out the excess cement, 
Last, remove the excess cement after it dries, 
using a cement pickup, 


DRY MOUNTING.— Though not completely 
permanent, dry mounts hold extremely well. 
This method of mounting requires you to position 
the artwork exactly in place before attaching it 
to the mounting board. With this method both 
surfaces are covered evenly with cement and 
allowed to dry. When dry, the two surfaces 
instantly stick to each other upon contact, 


The first steps in dry mounting are to cut 
the piece being mounted to the desired size and 
mark the exact position for the piece on the 
mounting board. Then, apply cement to both 
surfaces and allow them to dry (figure 13-492). 


When the cement is dry, place a sheet of 
tracing paper over the cemented mounting board 
leaving about one-quarter of an inch exposed at 
the top (figure 13-490). This sheet keeps the 
two cemented pieces from sticking. Next, position 
the piece being mounted and press it firmly 
against the exposed area on the mounting board 
as shown in figures 13-49c and 13-49d, Slowly 
withdraw the tracing paper as you gently smooth 
the piece against the mounting, working from the 
center outward (figure 13-49e) until the piece 
is firmly attached. At this point, place a sheet 
of tissue over the work and smooth the cemented 
pieces out with your hand or by drawing the 
edge of a triangle over the work. Last, remove 
the excess cement with а cement pickup. 


For mounting large pieces of art or drawings 
made on flimsy paper, a two slip-sheet method 
divides the work area and makes handling easier. 


Mark the exact position on the mounting board 
as before, Coat both the mounting board and 
the underside of the art with cement and allow 
it to dry. When both pieces are completely 
dry, place two sheets of tracing paper over 
the mounting board, with the slip sheets over- 
lapping slightly in the center, Place the art 
exactly within the marginal marks, Hold one 
half the art firmly with one hand as you gently 
withdraw the opposite slip sheet about half an 
inch, Smooth this strip down and continue the 
process with this slip-sheet until one-half the 
art is entirely cemented down. Then repeat 
the process with the remaining side, Smooth the 
art down and pick up the excess cement, 


SKETCHING 


Sketching is a valuable means of conveying 
technical information and ideas, A sketch is a 
simple drawing of an actual object or an idea. 

The sketch of an object can be drawn 
pictorially, so that it actually looks like the 
object, or it can be an orthographic projection, 
or a combination of both, 


MATERIALS 


One of the advantages of sketching is that 
few tools are necessary. If you have a stub of 
a Soft pencil and a scrap of paper handy, you 
are ready to start. However, a pencil long enough 
to permit a relaxed but stable grip will improve 
your sketching. А pad of paper will provide 
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В. PLACE А SHEET OF CLEAN TRACING PAPER OVER 
THE ILLUSTRATION BOARD (IT WILL NOT ADHERE 
TO THE DRY RUBBER CEMENT). LEAVE А 1/4 INCH 


STRIP EXPOSED AT THE TOP. 
A. APPLY RUBBER CEMENT TO BOTH SURFACES 


AND ALLOW TO DRY. 





C. POSITION THE ARTWORK. CHECK ALIGNMENT D. APPLY PRESSURE ON THE TOP OF THE ARTWORK. 
THROUGH TRACING PAPER. TO ACHIEVE A FIRM BOND. 














Е. SLOWLY SLIP OUT THE TRACING PAPER BETWEEN F. PROTECT THE ART WORK WITH A SHEET OF TRACING 
THE ARTWORK AND THE ILLUSTRATION BOARD AS PAPER AS ІТ IS SMOOTHED OUT. REMOVE EXCESS 
YOU SMOOTH DOWN AND MOUNT THE REST OF THE RUBBER CEMENT FROM THE EDGES OF THE MOUNTED 
ARTWORK. ARTWORK. 
142,386 


Figure 13-49,— Dry mounting. 
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about three-quarters of an inch to ап inch from 
the point so that you can see what you are doing. 
Strive for a free and easy movement rather than 
a cramped finger and wrist movement, 


В ae И Me lee a 
IAN нр 
ИИ lh 
ИДЕЕ РИ 
See 1—— 









To keep your sketch neat, first sketch your 
lines lightly. Lines not essential to the drawing 
can be sketched so lightly that you need not 
erase them, Darken essential lines by running 
your pencil over them with more pressure, 


Lines, Arcs, and Circles 


AA e 





ES 
E In sketching lines, place a dot where you want 
a line to begin and one where you want it to end, 
65.34 In sketching long lines, place one or more dots 
Figure 13-50, — Cross -section paper. between the end dots, Then swing your hand іп 
the direction your line should go, and back 
again a couple of times before you touch your 
support for quick sketches. Also, cross-section pencil to the paper. In this way you get the feel 
or graph paper makes it easy to draw your of the line, Then use these dots to guide your 
Sketch to scale (fig. 13-50). eye and your hand as you draw the line, (See 
A specialy ruled paper, shown in figure figure 13-52.) 
13-51a is used for isometric sketches and helps 


to develop your sketching ability. Grid paper Another useful technique in drawing straight 
is also available for perspective sketches, shown | lines is to use the side of the paper, pad, or 
in figure 13-51b. table as a guide for your hand, Hold the pencil 

at the desired starting point of the line and place 
TECHNIQUE the heel of your hand and one finger on the 
OF SKETCHING guide, as shown in figure 13-53, Move the pencil 


in this case with one uniform stroke thus com- 

Іп freehand pencil sketching draw each line  pleting the line. Try drawing several light 

with a series of short strokes instead of with horizontal lines and, after each one is drawn, 

one stroke, Using short strokes, you can better examine it for straightness, weight, and neatness, 

control the direction of your line andthe pressure If it is too light, either a softer pencilora 
of your pencil on the paper. Hold the pencil little more pressure is necessary. 
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65.35 
Figure 13-51. — Specially ruled isometric and perspective paper. 
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of the circle, You can use a piece of marked 
scrap paper to measure an equal distance on 
each radius from the center. Sketch a square, 
with the center of each side passing through 
the mark defining a radius. (See figure 13-56B.) 
Now sketch in your circle, using the angles 
of the square as a guide for each arc, 





65.36 
Figure 13-52, — Drawing the horizontal line, 





Vertical lines are usually sketched downward 
on the paper as shown in figure 13-54, The same ud 
suggestions for using locator dots, free movement 
of the entire arm, and guides apply to vertical 65.37 
lines as they do to horizontal lines. Figure 13-54, — Drawing vertical lines. 
Slanting lines may be drawn from either 
end toward the other, as shown in figure 13-55. 
Perfectly round circles are the most difficult 
to draw freehand, Figure 13-56 shows methods of 
drawing circles and curves using straightlines 
as construction lines. First draw two straight 
lines crossing each other at right angles, as in 
figure 13-56A, The point where they cross will 
serve as the center of the circle. The four lines 
radiating from this center will serve as the radii 





65.38 
Figure 13-55. — Drawing slanting lines, 





| 

-- T — 4 
| 
А 


Figure 13-53. — Using the paper, pad ог table as 65.41 
a guide when drawing straight lines. 142,387 Figure 13-56, — Sketching circles, 
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In figures 13-56С and 13-560, four lines, 
instead of two, are sketched crossing each other, 
The radii are measured as in constructing the 
аһет circle, but a square is not drawn. 

Figure 13-57 shows a convenient way of 
sketching arcs and curves by blocking them in 
with straight lines, 

For drawing large circles you can make a 
substitute for a compass with a pencil, a piece 
of string, and a thumbtack. Tie one end of the 
string to your pencil near the tip. Measure 
the radius of the circle you are drawing on the 
string, and insert your tack at this point. Now 
swing your pencil in a circle, taking care to 
keep it vertical to the paper. (See figure 13-58.) 

Another technique for drawing circles is 
shown in figure 13-59, 

In A of figure 13-59 observe how the pencil is 
held beneath the four fingers with the thumb. 
This grip tends to produce a soft or easy 
motion for sketching large circles or curves 
and also makes it possible to sketch small cir- 
cles as shown in figure 13-59B and C. You 
notice in figure 13-59B that the second finger 
rests at the center of the circle and forms 
the pivot about which the pencil lead can swing. 
The distance from the finger tip to the pencil 
lead determines the radius of the circle. To 
draw smaller circles a somewhat different grip 
on the pencil is necessary, as shown in C of 
figure 13-59 but the principle is the same. 
Figure 13-59 shows the proper way to grip the 
pencil; figure 13-60 shows how to draw the 
circles using these grips. 

As shown at A in figure 13-60 the first step 
іп sketching either large or small circles with 
the grips shown in the previous figure is placing 
the second finger on the paper at the center of 
the proposed circle. Then, with the pencil lightly 





65.42 
Figure 13-57. — Sketching curves. 








Figure 13-58, — Using a pencil and string as a 
substitute for a compass. 65.43 


touching the paper, use the other hand to rotate 
the paper to give you a circle that may look 
like the one in figure 13-60B, To correct the 
slight error of closure shown in C, erase a 
substantial section of the circle and correct 
it by eye as shown at the right, You now have a 
complete and round circle, but only with a very 
light line which must be made heavier. Do this 
as shown in В, Notice that you do NOT PIVOT 
on the second finger during this step. You rest 
your hand on its side and, keeping it within the 
circle, trace over the light line with your hand 
pivoting naturally at the wrist, As you work 
around the circle in this way, rotate the paper 
counterclockwise so that your hand can work 
in its most natural and easy position. Of course 
with smaller circles you cannot work with your 





RADIUS 
A B C 


65.39 
Figure 13-59, — Circles and arcs. 


RADIUS 
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65.40 
Figure 13-60, — Steps іп sketching a circle, 


hand within the circle, but the same general 
approach can be used with success, 

Probably one of the best methods to sketch 
curves connected to straight lines is the 6-step 
method illustrated and explained below: 


1. Intersect a vertical and horizontal 
line, lightly. 


tical lines the same distance from 


| 2. Mark off on the horizontal and уег- 
the intersection. 


Draw a light diagonal line through 
the two points marked, 


Place an x or a dot (.), in the exact 
enter of the triangle formed, 


Start your curve from one point of 
the triangle (preferably on the ver- 
tical line) touching the x or dot and 
ending at the other point of the 
triangle, 


Erase all the unnecessary guide- 
lines and darken the curve and 
necessary adjoining straight lines. 


A little practice with this method should 
improve your ability to sketch curves properly. 


Construction Lines 


When you are drawing a part, such as that 
shown in figure 13-61, don't start at one corner 
and draw it detail by detail and expect it to 
come. out with the various elements in correct 
proportion. It is better to block in the overall 
shape of the object first. (See fig. 13-61a.) 
Then draw light guidelines at the correct angle 
for the various outlines of the object. (See 
fig. 13-61b and c.) 





Figure 13-61.— The use of construction lines in 
Sketching an object, 65.44 
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65.44.0 


Figure 13-62. — Progress of a working sketch. 


Finish the sketch, by first making an outline 
of the object, and then drawing in the details, 
as shown in figure 13-614. 


Order of Working 


To make a working sketch, first choose a 
clean sheet of paper, either plain or ruled, 
Estimate the size the sketch should be, and select 
the views which will give the best picture of 


the object, Then draw the orthographic projections 
of these views, leaving adequate space between 
them for dimensions, In sketching, progress as 
follows: 


1. Draw the centerlines, as shown in figure 
13-624, 

2, Block in the views, 

3, Draw the outlines, aligning them as in 
figure 13-62B. 
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4, Add the details оп the surface of the needed, If necessary, touch up the lines you may 


views, have inadvertently erased, 
5. Darken the lines of the finished sketch. 7, Draw all necessary extension and dimen- 
6. Use ап artgum or a kneaded eraser to sion lines. 

erase the construction lines which are no longer 8. Letter in the dimensions, (See fig. 13-62C.) 
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VISUAL PRESENTATIONS 


Early man communicated visually by scratch- 
ing on the walls of his cave and, incidentally, 
transmitted to us, many years later, ideas 
and thoughts of hislife and culture, From this 
beginning, man developed tools to help him in 
the job of communications: the stylus and clay, 
papyrus, chalk and slate, various drawing tools, 
and, eventually, the printing press, the camera 
and the projector, 

Considering the Navy's complexity and size, 
how can our military commanders keep up to 
date on statistical information? Every day large 
amounts of statistical data and operational in- 
formation are gathered to guide these men who 
must make the decisions, But this data must be 
presented clearly and rapidly to those who need 
to know and act. With the use of visual aids, 
information can be prepared for viewing shortly 
after receipt. These aids may be easily changed 
and updated at low cost. The use of visual aids 
has made it possible for quicker action to be 
taken and for vital information to be covered 
more fully than ever before. 

Nowhere in the organization of today's Navy 
will you find a greater use of visual aids than 
in our Navy schools and training courses both 
ashore and afloat. Visual aids are also used in 
military briefings, staff meetings, and other 
activities that require efficient communication. 

The visual aid equipment used in these activ- 
ities includes the various kinds of projectors 
described in chapter 4, flannel boards, flip charts, 
and chalkboards. It is part of the DM's job to 
construct projectuals that are to be used in 
these projectors and to prepare artwork for the 
flannel boards and flip charts. 


This chapter will, for the most part, describe 
some basic techniques for preparing the common 
kinds of projectuals used in the Navy. The DM's 
application of these basic techniques is limited 
only by his imagination and ingenuity. The 
chapter will close with a short treatment on 
the preparation of flannel boards and flip charts, 


PROJECTUALS 


The most common kinds of projectuals in 
naval usage are viewgraphs, transparencies, 
35-mm slides, and lantern slides. Though trans- 
parency and viewgraph are terms often used 
interchangeably, this manual will make a dis- 
tinction between them and apply the terms ac- 
cordingly, As used in this manual then, а 
transparency is a projectual made by a wet 
photographic process whereas a viewgraph is 
not. 


PROJECTUAL DESIGN 


Transparencies and viewgraphs are designed 
to be shown on an overhead projector, Compared 
to 35-mm slides, they are larger—7 1/2 by 
9 1/2 inches usually. In designing projectuals, 
use a horizontal format so as to ensure that the 
projected image will fill as much of the viewing 
screen as possible. 


LETTERING SIZE 


Projectuals should be constructed with cap- 
tions and other lettering large enough to be seen 
clearly by persons with normal vision (15/20 
or better), Unless otherwise specified, allletters 
should be upper case instead of lower case, since 
upper case letters are larger and easier to see 
at a greater distance. 

To find the minimum letter height for the 
7 1/2- by 9 1/2-inch projectual, you must 
know two factors: distance in feet from the 
projector to the screen and distance in feet 
from the screen to the farthest viewer, With 
this information and the nomograph of figure 14-1, 
you find the recommended minimum letter height 
in inches as follows: First plot on the appro- 
priate scales of the nomograph the points that 
correspond to the two known distances, Then 
draw a straight line through these points, ex- 
tending the line until it intersects the vertical 
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Minimum Height 
of Lettering 


Distance from 
creen to 
in Farthest Viewer in 
Feet in Feet Inches 


5/16 
0 .30 


Projection 
Distance 


3/16 


1/16 


10 


EXAMPLE 


Given: Projection distance, 14 feet. 
Distance from screen to farthest viewer, 50 feet. 
Find: Minimum height of letter, 0.125 inches or № inch. 


12.6(142) 
Figure 14-1. — Nomograph. 


scale at the right. This last point of intersection 
wil give you the minimum height of lettering 
in inches. Study the example in figure 14-1. 


TRANSPARENCY CATALOG 


The old 0.5. Navy Transparency Catalog, 
NavPers 30155-1 contains copies of existing 
transparencies and viewgraphs. This publication 
is in the process of being replaced by the 
Directory of Instructional Media, Part 2, Graphic 
Aids, NavPers 94074-2, which has an entirely 
new format, using microfiche transparencies 
and a new indexing system which will aid in 
the selection of a projectual by either subject 
category or number, 

It often happens that this directory will con- 
tain a projectual that you need. To obtain a copy 
of this projectual, or a reproducible sepia, 
contact your nearest Training Aids Section, 


Facility, Center, or Library. If the projectual 
is not available, these activities will forward 
a request for them to a higher echelon, 


VIEWGRAPHS 


By special definition, a viewgraph is a hand- 
made projectual or one made by using a mechan- 
ical or chemical process, The following sections 
will describe basic techniques for preparing 
viewgraphs made in three ways,— by hand, by 
using lift methods, and by means of the diazo 
process, 


HANDMADE VIEWGRAPHS 


The simplest viewgraph for overhead pro- 
jectors is made by drawing on a clear sheet 
of plastic with a grease pencil, The drawing 
can be easily erased with a dry cloth and the 
plastic may then be reused, For finely detailed 
drawing or writing, use Stabilo pencils which 
will write well on most any surface, including 
glass and plastic. 

The use of ink on smooth plastic sheets 
presents a problem because plastic is non- 
absoebent and does not hold ink. The practice 
of ''roughing up" the plastic with a fine abrasive, 
such as talcom powder or pumice, will enable 
the surface to hold ink lines, A disadvantage of 
this practice is that scratches and erasures 
on the viewgraph will project on the screen. 
However, it is possible to draw with several 
kinds of special black and colored inks which 
will adhere to the plastic. Also, you can draw 
colored lines on plastic, with felt-tipped marking 
pens which produce transparent colors on the 
plastic. 


LIFT METHODS 


A unique technique for making viewgraphs 
is to "ІҢ" a picture from a magazine, Some 
magazines are printed on paper that has a clay 
coating. Ink can be lifted from this surface and 
transferred to a sheet of plastic for projection 
in black and white or full color. 

To find out if the picture you want is printed 
on clay-coated paper, moisten a finger and rub 
it on the corner of the paper, If a white deposit 
rubs off, the sheet is clay-coated and you can 
lift а picture from that page. Only one picture 
can be lifted from a page because the process 
destroys the page. Pictures may be lifted by 
either the dry mount method or the rubber 
cement method, 
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Dry Mount Method 


In the dry mount method of lifting pictures, 
a sheet of specially coated plastic, such as 
Seal-Transpara film, is placed face to face 
with the printed picture; then the plastic sheet 
and paper picture are placed in a dry-mounting 
press where they are heated under pressure for 
5 to 10 minutes. When removed from the press, 
the plastic sheet and the picture are laminated, 
The laminated sheet is soaked in warm water 
until the paper loosens and comes off, The paper 
may be loosened by rubbing the plastic surface 
with the hand, The clay coating on the paper 
is sponged off and the plastic sheet, which 
now contains the picture, is allowed to dry. 
The image is then coated with a transparent 
plastic spray (Krylon). 


Rubber Cement Method 


A plastic sheet is also used in the rubber 
cement method of lifting pictures. An even 
coat of thinned rubber cement is brushed on 
both the picture and the clear plastic. When 
the cement is dry, the two coated surfaces are 
pressed together carefully, avoiding air bubbles. 
The combined sheets are then soaked in warm 
water to loosen the paper backing. While the 
picture is in the water, the remaining clay 
coating and paper fibers are gently sponged 
off, When dry, the plastic should be protected 
with a coating of transparent plastic spray. 


THE DIAZO PROCESS 


The preceding methods for making viewgraphs 
for overhead projectors are relatively fast and 
simple. They are used when time is short and 
graphics equipment is not readily available. 
When you are not working under these conditions, 
a chemical process, called diazo, provides good 
opportunities for you to make top quality pro- 
jectuals. 

Steps for producing viewgraphs by the diazo 
process тау be divided into three major орега- 
tions: 


1. Preparing diazo masters. 
2. Exposing and developing diazo foils. 
3. Mounting diazo foils. 


Preparing the Master 


A diazo master works on the principle that 
image areas keep ultraviolet light from striking 


a diazo foil while nonimage areas transmit 
the light. To pass the maximum amount of light 
the base material should be translucent tracing 
paper or cloth or a transparent acetate. The 
light will be blocked effectively if an opaque 
covering, such as ink, tape, or cardweight paper, 
is applied to the base (fig. 14-2). 


To prepare a master, make an actual size 
detailed drawing on a sheet of tracing paper. 
In doing so, you may use any available means, 
such as tracing a projected image, tracing from 
existing materials, tracing from a rough, or 
developing your own drawings. 


To trace a projected image, attach a sheet 
of tracing paper to a drawing surface, Using an 
opaque projector or a 35-mm projector, enlarge 
the image by projecting it on the paper, You 
can adjust the projector distance and the focus 
so that the image fits the space available. When 
the image is sharp, trace it with a penora 
soft pencil (fig. 14-3). 

Another devise used for copying artwork to 
the same size, larger, or smaller is the Camera 
Lucida, This instrument uses a prismatic lens 
to project the image on to a drawing surface 
so that you may copy it. 

When tracing from existing materials, such 
aS maps, place a sheet of tracing paper over 
the map, then ink in all the required lines, The 
operation results in a one-to-one ratio. If this 
ratio is not desirable you may enlarge or reduce 
the original or the ink tracing to the proper 
size, using a device such as the No, 4 Xerox 
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142,126(142А)А 
Figure 14-2. — Diazo master, 
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142,388 
Figure 14-3. — Training a projected image. 


camera, Since it may be transferred to a trans- 
lucent paper or a transparent film, the Xerox 
image will provide good originals for the diazo 
process, 

Sometimes tracing from existing materials 
may be a simple matter of tracing over a rough 
of a graph that has been prepared on grid paper. 
You can of course always prepare an original 
drawing of your own and use it as the master, 

For viewgraphs having more than one color, 
a separate master or an overlay cell will have 
to be made for each color by a process called 
color separation. 


COLOR SEPARATION, — The first step in 
color separation is to add at least two register 
marks in the margin of the master drawing. 
Register marks aid in positioning the images 
of the various colored foils when you assemble 
the viewgraph. Position the register marks so 
that they lie outside the aperture of the mount 
and will not be projected on the screen. To 
ensure that all overlay cells are placed in their 
correct positions during assembly of the view- 
graph, it is a good idea to locate the register 


marks as shown in figure 14-4, In other words, 
do not place them on the same horizontal or 
vertical line. 

After adding the register marks, tape the 
master drawing on a light table to make it easier 
to register the different color overlay cells, Then, 
tape another sheet of tracing paper over the 
master drawing. Next, place register marks on 
the second sheet corresponding to those on the 
master drawing. 

At this point in color separation, ink on 
this second sheet of tracing paper the image that 
is to appear on the first color cell. For each 
additional color, place a sheet of tracing paper 
exactly over the others and repeat the process. 
With this technique you can quickly produce 
separate masters for multicolored viewgraphs. 

Using too many cells per viewgraph will 
affect the amount of light projected and result 
in a dull projected image. To reduce the number 
of cells you may use the Varicolor foil described 
in chapter 4, or normal one color diazo foil. 
If the one color diazo foil is used try not to 
exceed 5 cells per viewgraph. To reduce the 
number of cells, you may superimpose one 
color on another, thus producing a third color. 
Examples: Blue on yellow gives green, red on 
yellow gives orange, and red on blue gives 
violet, 

Figure 14-5 helps show the use of this 
technique in a simulated situation. First the 
master is prepared, followed by the first color 
overlay cell (black), The second overlay is 


$ 


57.115(142А) 
Figure 14-4. — Register marks, 
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Figure 14-5, — Color separation. 
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for the yellow cell, and also covers all the 
green and orange. The third overlay (blue) also 
covers all the green and violet, The fourth 
overlay (red) also covers the orange and violet, 
When the four diazo foils are run and mounted, 
the assembled viewgraph has six colors plus 
black. 

Areas on the screen that are not covered 
by Some color will have a disturbing glare. 
To reduce this screen glare the black diazo 
cell may be run on a tinted foil, such as black 
on blue, green, pink, or yellow. Developed pastel 
density foils may also be used to reduce screen 
glare if you don't wish to use the tinted foil. 


TRACING PAPER. — As a basic material for 
diazo masters, translucent tracing paper trans- 
mits light and provides a desirable working 
surface for pencil and ink. 

Though translucent tracing paper is a good 
basic material to use in preparing diazo masters, 
it has some drawbacks, In color separation it 
is hard to see through translucent paper, es- 
pecially when several overlay cells are being 
prepared; wrinkles may appear when large 
amounts of ink are applied to one area of the 
paper; and adhesive tapes tend to slip out of 
place due to age and heat generated when the 
master is reproduced, 

In the reproduction step, the amount of time 
required for exposure is relatively slow; this 
means that some light may pass through the 
image areas which could reduce the quality of 
the copy. Adding transparent adhesive (810) tape 
to the tracing paper requires a further reduction 
in exposure time so that the tape will not show 
on the copy. 


MYLAR, — A transparent polyester film, 
Mylar, is an excellent master material for several 
reasons, Being transparent, it allows the maxi- 
mum amount of light passage for reproduction 
and facilitates color separation. Mylar is di- 
mensionally stable and can hold firmly in place 
adhesive tapes, paste-up letters and symbols, 
shading sheets (Zip-A- Tone), and headliner Film 
or other photographically reproduced letters on 
film. One disadvantage of the Mylar is its 
inability to take ink readily. However, by first 
erasing its surface you may be able to apply ink 
to Mylar. For better results, use tracing paper 
where the image is to be inked in (map borders, 
descriptive notes, symbols, and features). 


MASKING TECHNIQUES, — Cardweight diazo 
paper is good cheap opaque material for masking 


a large area of color when the area is not 
complicated in shape. То make an opaque mask, 
first print a copy of the master on diazo card- 
weight stock; then cut out the image area using 
a knife or scissors, Mount the mask in position 
on a sheet of mylar. The masked image area 
will then print as a solid color on the diazo 
foil. 

Attaching nonadhesive materials, such as the 
cardweight paper. To mylar would be a problem 
if glues and pastes had to be used. Butin 
diazo printing, you can use translucent plastic 
tape instead, Though it will pass light during 
exposure and may be visible on the master, this 
tape won't reproduce on the printed and developed 
foil. 

In selecting plastic tape for this purpose, 
you'll get best results from one having a thin 
base and high translucency, such as Scotch 
No. 810 Magic Mending Tape. This tape does 
not pucker or shrink as does ordinary cellophane- 
base tape. You should place a strip of this tape 
on the outside margin of each master for making 
pencil notations to indicate the color of the 
master and for carrying pertinent information, 
such as a drawing number, 

Sepia intermediates make a good transparent, 
masking material. To use a sepia diazo foil 
as a mask, first fully develop an unexposed 
(KSP), (K-MAX), or (501LC) foil. Then place it 
оп а sheet of Mylar over the master. Because 
the foil is transparent you can see through it 
to cut out the image area; then mount the image 
area in position on the sheet of Mylar using 
Мо. 810 tape. The image area protected by the 
sepia intermediate will then print a solid color 
on the diazo foil. 

Several companies make a transparent, ruby 
red, self-adhesive film that is ideal for making 
color separations, These adhesive films are 
applied over а sheet of Mylar, or they may be 
supplied with their own mylar backing. Since 
this film is transparent it is easy to see through 
and work with. To make the color separation, 
cut around the desired image area with an 
X-acto knife, After making the complete cut, 
remove the film from all nonimage areas, Since 
ultraviolet light will not pass through the ruby 
film, areas protected by it will print on the 
diazo foil. Sheets of orange (Amberlith) may be 
used instead of the ruby red (Rubylith) sheets. 
Amberlith works exactly like the ruby red film, 
and is used in the same manner, 

Ruby red film is also available in tape form. 
Transparent yellow tape may also be used in 
the same way as the ruby red since both block 
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the ultraviolet light effectively. Opaque tapes, 
such as Chartpak, are available in various sizes 
ranging from 1/64 of an inch to 2 inches, Tapes 
are very useful for line work on mylar film, 


LAYOUT TABLE.-— To simplify the tasks of 
constructing masters and mounting diazo type 
viewgraphs you should make a few additions to 
a portable light table. Figure 14-6 shows how to 
modify a portable light table by adding a pane 
of glass, a photopositive 10 x 10 grid, cardboard 
guide (straightedge), tracing paper, and tape. 


To make a removable working surface, use 
a pane of one-quarter inch glass, the same 
size as the entire top of the light table. Then 
tape one or two sheets of tracing paper underneath 
the glass top to help diffuse the light. 


A 10 x 10 grid, spanning 8 inches vertically 
and 10 inches horizontally, should be made on 
a photopositive film so that it will be transparent 
with black grid lines, Tape this photopositive 
grid to the top of the glass with No, 810 tape. 
Next, using a viewgraph mount,ink inthe aperture 
of the mount, Locate at least two register marks. 
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THE GLASS 


57.149(142А) 
Figure 14-6, — Layout table. 


Place a sheet of mylar over the grid for pro- 
tection against knife cuts. Also tape the mylar 
in place with No, 810 tape. 

Using several layers of thick tape, such as 
masking tape, make a frame centered on top 
of the grid large enough to accommodate a 
8 1/2- by 11-inch sheet of tracing paper or 
mylar. This frame makes it a simple task to 
place each overlay master in the same position 
each time (fig. 14-7). 

Tape the straightedge in its proper position. 
To correctly position it, place a mount upside 
down in the mounting position so that it is 
lined up exactly over the grid. Place the straight- 
edge flush against the mount and tape the 
straightedge into position, Attach the straightedge 
at the edges of the glass only to permit sliding | 
mounts under it, when necessary. 


Exposing and Developing 
the Diazo Foil 


Having made the master, you are ready to 
transfer it to diazo foils, Diazo foils are acetate | 
film coated with a variety of diazo dyes as 
explained in chapter 4 of this manual, These 
foils are not sengitive to ordinary amounts of 
white light so precautions for handling light- 
sensitive products are nearly eliminated. 

To achieve the best possible reproduction from 
your master always run the image face down so 
that it is in contact with the emulsion of the 
foil. To help find the emulsion side, a cut or 
nick is located on the film in one corner, When 
holding the film so that the nick is up and on 
your right, you will be facing the emulsion side, 

Place your master (image down) on the foil 
backed up by the foils slip sheet, Run this 
assembly through the diazo machine. See figure 
14-8. Making sure the diazo foils are fully 
developed helps to keep the image from fading 
or the background from yellowing. Foils may 
have to be passed through the development step 
several times to ensure full development, Under- 
exposed foils will show a background, Over- 
exposure will result in an image area being weak 
and faint in color. 

If a mistake or dirt mark is noted on the 
produced foil, throw it away. Then correct the 
master or clean the diazo machine before running 
another. Do not attempt to scratch mistakes 
from diazo foils because scratch marks will 
project on the screen, | 

Diazo machines are used to print diazo foils 
quickly and efficiently. However, if you do not 
have access to a diazo machine you can use 
alternate equipment to produce the diazo foils. 
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Figure 14-7, — Layout grid for light table. 


Exposure may be accomplished with sunlight 
or arc lamps of the type used by photographers 
and lithographers. To hold the master and diazo 
foil tightly together you may use two sheets 
of glass in a frame, or avacuum frame, Sandwich 
the master and diazo foil between the sheets 
of glass, or place them in the vacuum frame. 
Then expose the materials to the light, Exposure 
times will have to be determined by experiment, 

Development can be accomplished by using a 
large widemouthed glass jar, such as a pickle 


jar. Place a sponge in the bottom of the jar 
and soak the sponge with ammonia (26? Baume). 
Place a protective wire screen on top of the 
sponge, then insert the exposed diazo foil in the 
jar. You can see the foil develop by observing 
it through the jar (fig. 14-9). 


In the reproduction of diazo foils by the 
diazo machine, close registration is not achieved 
because some shrinkage and expansion occurs 
between the original and the foil as they travel 
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Figure 14-8, — Simulated end view of the master and foil for diazo reproduction, 


around the printing cylinder. To overcome the 
problem, use the vacuum frame exposure method, 


Mounting Diazo Foils 


There are a number of commercial mounts 
available for use with the 10- by 10-inch over- 
head projector. They are designed to accept 
either vertical or horizontal transparencies or 
viewgraphs. Examples are the Ozalid Projecto 






Mount, the Tecnifax Fileable Transparency 
Mount, and the K& E Gemini Transparency 
SUN LIGHT ARC LAMP 
GLASS 
ORIGINAL 





142.126(142A)C 
Figure 14-9. — Simple diazo printing methods. 


Mount, Apertures vary with the different manu- 
facturers so you should measure the one you 
will use for correct size. 

If you seldom make viewgraphs, or if com- 
mercial mounts are not available, you may make 
your own. Almost any opaque material may be 
used to mount your viewgraphs for overhead 
projection, Cardboard, heavyweight paper, or 
file folders will do the job, Just cut out a section 
in the middle to serve as the aperture and fasten 
your viewgraph in place. For a 10- by 10-inch 
overhead projector, the recommended dimensions 
for the mount opening are 7 1/2 by 9 1/2 inches. 
This gives you ample border around an 8 1/2- 
by 11-inch foil to permit easy fastening to the 
mount (fig. 14-10). 

Regardless of the type of mount used, the 
simplest way to attach the foils is with masking 
tape, Tape all four sides of the foil to the 
underside of the mount (fig. 14-11). When mounting 
more than one foil, ensure that no foil edge 
or tape falls into the aperture, Taping the foils 
to the back surface of the mount makes a more 
attractive job, assures a flat projection area, 
and leaves the front of the mount free for 
notations. 


OVERLAYS,—Because the overhead projector 
does not require that projectuals be mounted 
in tight, unmovable packets, overlay viewgraphs 
can be used with all their outstanding com- 
munication effectiveness and visualimpact, Over- 
lay viewgraphs are made up of a base cell with 
one or more additional cells mounted on top. 
These additional cells are attached so that they 
may be removed or added to the total visual 
picture as desired by the user, See figure 
14-12. 

With overlays, a series of ideas or instruc- 
tional points can be projected in any desired 
order with one multiple-celled viewgraph. 

Overlays are usually hinged at the side of 
the mount opening so that they can be swung 
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142,391 
Figure 14-10.— Projecto mount, 


into position on the projector. However, there 
are several other ways of mounting overlays. 
If you want a flexible sequence with the overlays, 
hinge them on all four sides of the opening. Trim 
or stagger each overlay, if necessary, so it will 
fall into place easily. If the overlays are to be 
added in a given sequence, hinge all of them on 
the side of the mount opening so that they will 
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142.392 
Figure 14-11. — Tape foils to the back of the mount, 


always fall in proper order. You can make 
combinations of these mountings so that some 
elements are added in sequence while others 
are inserted as desired. 

А Tecnifax product, called the "Тесш тре", 
is designed for attaching overlay cells to the 
mount, A Tecnihinge is а 1-inch-square strip 
of metalized Mylar having an adhesive on one 
side, Place two Tecnihinges on the overlay 
cell as shown in figure 14-13, stapling each to 
the mount after correctly registering the cell. 
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Figure 14-12, — Overlays. 
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Figure 14-13, — Attach overlay cells to the mount 
with Technihinges and staples, 


Masking tape тау be used in place of Tecnihinges 
but will not be as durable, To help keep the 
cells flat when they are placed on the mount, 
tape the edge opposite the Tecnihinge. 

It is important to know whether the viewgraph 
will be shown by front or rear projection so 
that the operator may flip the cells on the 
viewgraph without removing it from the projector 
each time. For front projection the cells must 
be mounted to the front side of the mount; for 
rear projection they are mounted on the back, 


DISCLOSURES, — An effective way to present 
а visual picture during projection is through 
disclosure, — an effect achieved by using anopaque 
blocking sheet, such as cardboard, and sliding 
it off the image a little at a time during projection, 
A plastic track fitting, on each side of the 
mount in which the cardboard is fitted, will 
help the operator when he pulls the cardboard 
to disclose the material, Another method of 
disclosure is to cut the cardboard into sections 
so that parts can be folded or lifted off different 
areas of the viewgraph. Disclosure techniques 
аге illustrated in figure 14-14. 


Materials and Methods 
of Diazo Viewgraph Reproduction 


Many special materials and methods are used 
in diazo viewgraph production. The following 


paragraphs will describe those most commonly 
used, 


DIAZO INTERMEDIATES,—Duplicate artwork 
may be required when viewgraphs are distributed 
or exchanged with other commands, Original 
artwork may be duplicated on diazo intermediate 
foils: sepia (KSP), sepia matte-finish (KSPM), 
or orange sepia (501LC). 

To make sepia intermediates simply expose 
and develop the sepia just as you would any 
other diazo foil or paper. Be sure that the sepia 
image is completely developed or as dense as 
possible. 


Corrections may be made on the sepia inter- 
mediate foil by всгаріпр away the unwanted 
image with a knife, Additions may be made with 
pen and ink, or pencil. Sepia foils (SDPM) are 
available with a matte surface (onthe nonemulsion 
side) that will accept pencil or ink easily. 
Commands receiving the sepia copies are then 
able to produce their own viewgraphs or make 
any changes to individual cells without redoing 
all the artwork. 


PAPER COPIES,— Paper copy handouts of 
viewgraphs may be made on the diazo machine 
using the original artwork or sepia intermediates, 
Intermediates are preferred for quality paper 
copies because emulsion-to-emulsion contact to 
the paper is maintained. Where originals are 
used, emulsion-to-emulsion contact is not 
possible, 


NONREPRODUCIBLE BLUE METHOD OF 
PREPARATION, — One intermediate diazo ma- 
terial which may be used for the production of 
multicelled viewgraphs is the nonreproducible 
blue-line intermediate paper. This translucent 
paper is coated with a thin diazo blue emulsion 
which, when developed, is visible to the eye 
but will not reproduce when reprinted on another 
diazo material. It does not block untraviolet 
light. This intermediate is used to produce 
multicolored viewgraphs as follows. 


Make a nonreproducible blue-line inter- 
mediate of your original master for each color 
you wish to produce in the finisted viewgraph. 
Use a different blue-line print for each color. 
Follow the blue-line image and ink in or mask 
the areas you want to appear in color. Then 
print each masked paper intermediate onto the 
appropriate colored foil. Only those areas you 
have inked in or masked will be reproduced, 
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Mount these ''color-separated'' foils in register 
and you have а multicolored viewgraph for 
projection. 

It is easy to correct an overlay master 
drawing if a mistake is made. If you should 
accidentally fill in all or part of an area on an 
overlay simply use a knife to cut away the un- 
wanted image. When reproduced on a foil, the 
cutout area will be invisible, Or, if a correction 
is necessary, cut out the area to be corrected 
and replace it with a clean piece of tracing 
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142,309 
Figure 14-14. — Disclosure techniques, 


paper held in place by 810 фаре. Then make 
your correction on the tracing paper patch, 


USE OF ORANGE CARBON PAPER, — Since 
diazo materials print their most dense images 
from masters that have lines which block light 
effectively, orange carbon paper is an excellent 
help when preparing drawn ог typewritten 
masters, 

A sheet of orange carbon is placed under- 
neath the tracing paper with the carbon side up. 
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Figure 14-15, — Reversals, 


/hen you write or draw on the master, the 
range carbon will transfer to the back of the 
iaster sheet and, in effect, give you double- 
reight image — your drawing on the front and the 
arbon on the back. This added opacity assures 
1aximum print density. 

When typing a master, put the carbon in 
ле typewriter іп back of the master with the 
arbon side facing you. This will also create 
. double-weight image: the typewriter-ribbon 
nk on the front and the orange cargon оп the 
ack. 


You may wonder why the carbon paper is 
olored orange. The reason is that orange 
locks ultraviolet light better than most other 
olors, Whenever you need a master of maximum 
pacity, use orange, yellow, sepia, or brown. 


REVERSALS,-—It is ovten advantageous to 
ave negative rather than positive viewgraphs. 
1 negative projectuals, commonly known as 
eversals, the image is clear and the nonimage 
reas contain the dye color. Reversals are 
ffective in that they focus the viewer's attention 
n small sections of the screen. They are also 
asy on the eyes because only a minimum of 
ight is reflected from the screen (fig. 14-15). 


To make a reversal foil, start with a negative 
mage master, such as a photo negative. If a 
hoto negative is not available, however, you 
лау make your own negative intermediates from 
ositive image originals, Several companies 
Ozalid, Tecnifax, and 3M) make reversing films 
'hich enable you to do this using adiazo machine 


or other ultraviolet light source, Developing 
procedures vary according to the type of reversal 
film used. 

Using the Ozalid reversal foil, expose and 
develop the foil from your master as you would 
any other diazo foil. The negative image which 
forms is a yellow-orange color, with light areas 
where the master had dark areas and vice versa. 

After the foil is fully developed, rinse it in 
water to remove unused light-sensitive chemi- 
cals, thus ''fixing'' the image. This rinsing is 
simple; just dip the foil for 10 seconds in hot 
water, or rinse for a minute in warm water. 
To speed drying, blot the foil between paper 
towels; DO NOT RUB, When dry, the Reversal 
Foil is ready for use. 

The Tecnifax reversing film is a brown-line 
intermediate film, This film is exposed in the 
same way as any other diazo material, but it 
is developed simply by immersing it in water. 
As before, dry the foil after developing it. 

The 3M brand of reversing film is known as 
Color-key. Color-key is used in various ways 
to produce not only viewgraphs, but 35-mm slides 
and other types of artwork whose techniques will 
be discussed in detail later on, The intermediate 
Color-key reversal film is а negative-acting 
transparent orange. The orange is used, as you 
know, because it is opaque to ultraviolet light 
and makes an excellent intermediate for diazo 
reproduction, 


Color-key comes on a thin light-sensitive, 
color-coated acetate sheet, The sheet is exposed 
to light through the master and is then developed 
with a chemical which dissolves the unexposed 
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areas of the coating, leaving a negative orange- 
colored image on the acetate. 

To expose the Color-key, place the coated 
side (emulsion) down on black, or goldenrod, 
paper. This backing paper eliminates destructive 
light reflections, Place your positive original, 
image side down, onto the Color-key (fig. 14-16). 
Notice that this procedure is slightly different 
in that emulsion-to-emulsion contact is not used, 
The Color-key and master are now ready to 
expose. They may be run through the diazo 
machines exposure light, or they may be exposed 
to other actinic light ray sources, The light 
rays from these sources produce chemical 
changes in photographic emulsion, 


To develop the exposed Color-key, place it 
on a smooth level surface, such as a table top 
or sheet of plate glass, Then pour an ample 
amount of developer chemical on the emulsion- 
side of the Color-key foil, Spread the chemical 
immediately with a pad of cotton, using a light 
sweeping motion. As you spread the chemical 
the background coating will begin to come off, 
Finish the development by turning the cotton 
pad over, and using a tight circular motion with 
moderate pressure, remove any unwanted coating 
that remains, Then rinse the image side with 
clean room-temperature water. After rinsing, 
blot the foil dry with an absorbent paper. Be 
careful not to scratch the remaining coating by 
using too much pressure on the cotton or the 
blotting paper (fig. 14-17). 


After you have made the reversal inter- 
mediate, some opaquing of irregularities may be 
necessary. To help you see irregularities, such 
as pinholes, run a blue foil (KBL) from the 
intermediate, Register the blue foil and inter- 
mediate on a light table with the intermediate's 
image side up. Opaque pinholes with ink, tape, 
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Figure 14-16. — Simulated end view of the master 
an Color-key foil for exposure. 142.395 


paint, or other light-blocking material. Your 
intermediate is then ready to produce any number 
of foils for projection, 

Reversal intermediates should not be used 
for cells in a viewgraph because they are part 
of the original artwork and should be filed, 
Use intermediate masters to produce a sharp 
clear image on а foil in the color of your 
choice, 

The most common diazo foil used for reversals 
is double-coated black (KBKD). When exposed 
and developed, both sides of the foil will have 
identical images thus providing extra opaque 
blocking for the negative projectual. You can 
easily add color to KBKD foil by backing up 
the foil with other diazo foils which produce 
colored images on a dark background, Trans- 
parent tapes may also be used to add color to 
small areas of the reversal, such as lettering. 

In addition, color separation is simplified 
with the use of reversal intermediates, For 
instance, when a color separation is needed 
for a map, you must make a cell for the land 
areas and a cell for the water areas. By making 
a reversal of the land area cell you can quickly 
produce a water area cell (fig. 14-18). 

For photo negatives which are not visually 
understandable in the negative, you do not have 
to go through the time-consuming and expensive 
photographic process to convert these negatives 
into usable positive transparencies, You can 
use Reversal Foil and K-Tone Diazo Foil. Re- 
produce your film negative on Reversal Foil to 
produce a positive intermediate, and then use 
that positive to make foil transparencies, K- Tone 
Diazo Foil gives faithful reproduction of the 
photographic tones in black, and the other foils 
make striking, colorful, positive transparencies, 
Reversal Foil eliminates the need for wet photo- 
graphic processing in converting photo trans- 
parencies, 


FLASH EXPOSING, — Highly saturated colors 
are produced when maximum density diazo foils 
are used. To create a variety of color densities 
in your viewgraphs, you should first flash expose 
the diazo foil to the light source. When foils 
are flash exposed some of the dye coating is 
burned off; thus when they are developed, the 
color density will be somewhat less, 

To burn off some of the dye coating, first 
run only the diazo foil quickly through the ex- 
posure light. Varying the exposure time results 
in different amounts of color densities. For 
instance, a long exposure will give the foil far 
less color density than a short exposure (fig. 
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Figure 14-17. — Developing Color-key. 


14-19). After the foil is flashed, expose it 
again with the master, Development is accom- 
plished as usual. The only way to control the 
amount of color density is to run test samples, 


Pastel density foils are also used to produce 
foils with lesser amounts of color density. By 
using pastel density foils, you may ensure the 
same amount of color density for each foil. 


SCREENING.— Color density may also be 
controlled by screening the diazo foil, Screened 
images are also produced by exposing the diazo 
foil twice. First, expose the diazo foil using 
the original. Next, expose the diazo foil using 
a Zip-a-tone type shading sheet; run both the 
original and the screen so that emulsion-to- 
emulsion contact is maintained, Then develop 


the diazo foil as usual. The resulting image 
will have а screened pattern when developed, 

To make a scree, mount a shading sheet on a 
sheet of Mylar, Insure that the shading sheet is 
correctly mounted on the Mylar with no air 
bubbles present. After making these screens re- 
tain them for future use on other viewgraphs. 

Screen patterns are available in various 
percentages from companies, such as Formatt 
for the purpose of controlling color density. Also 
available are graduated screens that will enable 
you to produce on the same foil colors ranging 
from light to dark (fig. 14-20). 


SCREEN PRINTED VIEWGRAPHS, — Screen 
printing methods may be employed to produce 
viewgraphs. But, unless a large number of copies 
(100 or more) are needed, these methods are too 
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Figure 14-18, — Color separation by using a reversal intermediate, 


expensive, Advantages that may be realized using 
a screen printing method are: many colors can 
be printed on a single sheet of Mylar, thus im- 
proving the quality of the projected image; colored 
paper copies are made easily by simply sub- 
stituting paper for Mylar; and the image will not 
fade with age as in the case of diazo copies, 

Photo stencil methods of preparing the printing 
screen are preferred to hand cut methods because 
of stencil durability and ability to control color 
density. 

Each color normally requires a separate 
screen and is printed one color at a time on 
each copy. However, if colored areas are well 
separated you may be able to prepare only one 
screen, This method requires all the nonprint 
areas to be masked off except for the color that 


you wish to print. The first color is printed 
on all copies, then the process is repeated for 
the second color and others until all the colors 
have been printed. This single master method 
ensures perfect color registration and saves 
materials. 


The inks used for viewgraphs will have to 
be transparent vinyl (50-50 paint and thinner 
mixture) so that they will project. By super- 
imposing one color over another you will be able 
to produce a third color and, therefore, reduce 
the number of color runs for a full color view- 
graph. 


MOVING PARTS,— Movable items, such as 
arrows, may be used on projectiles by cutting 
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them out of diazo foils or opaque cardboard, 
The projector operator can manipulate these 
items, pointing to the object or area of interest, 
while the image is projected on the screen, 

When items, such as the hands of a clock, 
must be moved you can cut the hands out and 
fasten them to the projectual with a grommet, 
The effective use of movable parts will be 
limited only by your imagination, 


PHOTO TRANSPARENCIES 


Continuous-tone photographs, or printed half- 
tones (color, or black and white) may be made 
into projectable transparencies by a photographic 
section, To make a transparency, the photog- 
rapher prints the desired photo on a sheet of 
film rather than paper. 

Photo transparencies are attached to mounts 
in the same way as diazo foils, To protect a 
transparency from scratches, mount it between 
two sheets of mylar. Since a photo transparency 
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142,398 
Figure 14-19,— Flash exposing, 


may not always fill the entire aperture of the 
mount, an opaque tape may be placed over the 
back sheet of mylar to mask out the nonimage 
areas, 


For continuous-tone originals, such as photo- 
graphs, а black continuous-tone diazo foil 
(K-Tone) is available, Using K-Tone, you can 
produce black and white transparencies from 
photocopies without the assistance of a photo- 
section, 


Photocopies or printed pages that are not 
translucent enough for diazo pringing can be 
made more translucent with a transparentizing 
solution. In using this method, be sure the 
photocopy, or printed page is blank on the non- 
image side, Transparentizing solution should be 
applied to the back of the original liberally. 
Then the original is wiped with a cloth to remove 
excess solution, Usually this process will make 
the original translucent enough to be duplicated 
by the diazo method, 
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SLIDES 


Some commands use projectors such as the 
35 mm and the lantern slide types for which you 
may have to prepare artwork, 

Artwork for slides to fit these projectors 
may be prepared using pencil, ink, wash, opaques, 
or color mediums. This artwork is then copied 
by a photographer thus producing a 35-mm or 
lantern slide, depending on the size film he has 
used, 


To ensure that the image area is maximum, 
you should make the artwork for slides pro- 
portional to the aperture of the slide's mount, 
Also when preparing a series of slides, make 
all the artwork the same size. This helps the 


57.29.0(142A) 
Figure 14-20, — Shaping sheets, 


photographer in that the camera setup will not 
have to be varied with each shot, 


Before preparing artwork for color slides, 
talk to the photographer who will copy the 
artwork to determine which colors will reproduce 
the best. Color film varies in the way it re- 
prodeces color. Some film tends to have a bluish 
cast and other film reproduces certain colors 
better. In any case, it is advisable to use dark 
or dull colors for the background and only 
brilliant colors for important spots. 


Because of their sizes and types of mounts, 
35-mm and lantern slides are not able to use the 
overlay cells described for viewgraphs, However, 
the buildup method can be accomplished by 
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producing a separate slide for each overlay and 
projecting the slides on the screen in proper 
sequence, 


PREPARING ARTWORK 
FOR 35-MM SLIDES 


One easy method of preparing artwork for 
35-mm slides is to make viewgraphs and then 
use these as originals which a photographer 
copies, Figure 14-21 shows how the camera is 
set up when viewgraphs are to be copied. 

When making the viewgraphs, adhere closely 
to the proportions for the aperture of the 35-mm 
slide mount so that when a viewgraph is copied 
it will not have an excessive height-to-width 
ratio, This is done by reducing, for example, the 
7 1/2-inch dimension of the viewgraph aperture 
to six and four tenths inches leaving the 9 1/2- 
inch dimension unchanged. See figure 14-22. 

An alternate method of preparing artwork 
for 35-mm slides is to mount various color foils 
on poster board. Make the artwork in the same 
manner ав you prepared the diazo master pre- 
viously described. Color-key foils should then 
be made from the masters. Color-key is pref- 
erable to diazo for this type of art because 
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Figure 14-21. — Lighting arrangements for copy- 
ing viewgraphs. 113.99 





142.399 
Figure 14-22. — The standard viewgraphs aperture 
is modified when making artwork for 35-mm slides. 


Color-key foils have a thinner polyester base 
material which allows colors covered by the 
foils to reproduce better. 

Because Color-key is negative acting you will 
have to run reversal orange intermediates from 
your masters, then run the Color-key cells from 
these intermediates, Best reproduction results 
will be achieved by limiting the number of cells 
to (мо, These positive cells are then mounted 
on poster board and submitted to the photog- 
rapher to produce the slide. 

Color-key is available in a variety of trans- 
parent colors: yellow, magenta, cyan, black, 
brown, red, orange, blue, and green. Opaque 
colors are also available in the above colors 
plus white. 


Positive-acting transparent Color-key is also 
available, This product is processed just as the 
negative-acting foils are; however, thedeveloping 
step is modified slightly. Positive-acting chemi- 
cals must be used, Also a bleaching chemical 
must be applied for 20 seconds after completion 
of the development step. The foil is then rinsed 
and dried as previously described, When using 
the positive-acting material, eliminate the inter- 
mediate step. 


PREPARING ARTWORK 
FOR LANTERN SLIDES 


Artwork for lantern slides may be prepared 
using the same technique described for 35-mm 
slides, 
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Just as with other projectuals, you should use 
the maximum image area, Lantern slides are 
made in two sizes 3 1/4 by 4 inches or 2 3/4 
by 2 3/4 inches, Know beforehand which size of 
lantern slide you will be preparing artwork for. 
As a general rule, allow one-fourth inch for 
right- and left-hand margins, (See fig. 14-23.) 
These margins will allow ample room for 
mounting in most any type lantern slide mount, 
To obtain exact dimensions, measure the aper- 
tures of mounts your command is using. 

The standard lantern slides are large enough 
to enable you to prepare extremely simple 
original artwork, using a one-to-one ratio for 
handmade slides. 








L—— 


Figure 14-23, — Suggested lantern slide margin 
allowance, 142.400 





FLANNEL BOARD GRAPHICS 


Flannel board graphics consist of two parts: 
the display board and display artwork. The dis- 
play board consists of flannel or hook-and-loop 
material stretched tightly over a backing support, 
The display artwork is usually made of paper 
(for short-term use) or illustration board covered 
with acetate (for permanent use). The artwork 
is backed with small pieces of flannel, hook-and- 
loop material, or rough-grit sandpaper which 
holds the artwork in place, In preparing the art- 
work, be sure to plan a logical display sequence 
SO that letters and drawings are large enough 
to be seen by all viewers. 


As shown in figure 14-24, the artwork may 
be prepared in separate parts, Thus the flannel 
board is especially adapted to training since the 
instructor can use a buildup technique, placing 
one part at a time on the board and discussing 
it before putting the next part in place. Not until 
the final step is taken is the picture completed. 
(Fig. 14-25) 


Artwork may be prepared on a diazo re- 
production, cloth-backed sensitized paper, Ozalid 
ЕХ-105МС. The cloth backing of this paper ad- 
heres to the flannel very effectively. 


In another technique similar to the flannel 
board, a sheet of illustration board is covered 
with acetate, Colored tape may be used for lines. 
The lettering and illustrations are prepared on 
lightweight illustration board and attached to 
the acetate with two-way (adhesive on both 
sides) scotch tape, After the poster has been used, 
you may pull the design off the acetate and use 
the base again. Flannel board techniques may be 
useful when preparing artwork for 35 mm or 
lantern slides. 


FLIP CHARTS 


Flip charts are nothing more than a series 
of charts secured together as a single unit 
depicting a sequence of closely related items. 
Each individual chart in the series should contain 
only one main idea, be large enough to be seen 
easily by all viewers, and be colorful but not 
gaudy, If flip charts are to beused intermittently, 
it is a good idea to insert blank sheets of paper 
at points where the display of one chart could 
distract from what is being discussed at the 
time. 
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Figure 14-24, — Parts of flannel-board graphics. 
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Figure 14-25, — Parts in place to make the finished 
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Figure 14-26,— 30 X 40 illustration board, 
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To aid in the construction of flip charts 
that contain mostly lettering, you should take 
a 30- by 40-inch piece of illustration board 
and divide it vertically into 1/2-inch intervals. 
Leaving ample room at the top for titles, mark 
off every one-inch line with a black felt tip 
marker, then the rest of the lines with a red 


felt tip marker, These lines will serve as guide- 
lines, Also indicate a right and left margin and a 
centerline, See figure 14-26. Cover the board 
with acetate for protection against unwanted 
marks or dirt. Finally, place a sheet of paper 
over the layout board and proceed with the 
lettering, 
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APPENDIX | 
GLOSSARY 


This glossary in this edition of Illustrator 
Draftsman 3 & 2 has been reproduced, by per- 
mission, from the Famous Artists Dictionary 
(copyright 1966 by Famous Artists Schools, 
Inc, Westport, Conn.). Permission to use this 
glossary is gratefully acknowledged. 


How to use this dictionary 


This concise art dictionary has been especially prepared for students 
of the Famous Artists School. It is based upon original research, and 
includes many new or specialized art terms not to be found in stan- 
dard dictionaries of the English language. The terms listed are simply 
and clearly defined, and examples are given where necessary or 
helpful, so that you can understand the meanings at a glance. 

In these pages we explain not only the basic art terms in your 
Course, but also a good many more in other art fields about which 
you may sooner or later desire information as your interests broaden 
in the world of art. We have included words the artist is likely to hear 
and use in his associations with studios, art buyers, galleries, edi- 
tors, printers, engravers, and others with whom he may have dealings, 
and also common colloquial or slang words used by artists in their 
work. At the same time, every effort has been made to keep this dic- 
tionary compact, and to restrict the vocabulary to essential terms. 
Each word defined here has been chosen for its practical importance 
to the artist. 

Use this dictionary as a handy reference supplement while study- 
ing, or whenever you come across a basic art or related term with 
which you are unfamiliar. This work will prove a valuable companion 
throughout your studies and later, during your career as an artist. 
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abstract art —An art form іп which the emphasis is placed 
on the arrangement of forms, lines and colors to produce 
a desired effect. In such art, the forms, though derived 
from physical objects, do not necessarily resemble them. 


academic art — Art which conforms to convention or tra- 
dition. 


accent — To emphasize or accentuate a part of a picture 
by means of value, shape or color contrast. 


accessories — In fashion illustration, articles of wearing 
apparel or costume other than the main garment or gar- 
ments. 


acetate — А tough, transparent or semi-transparent sheet 
which comes in varying thicknesses. It is especially use- 
ful as an overlay in color separation. It is also used for 
friskets in retouching, animated drawings, displays, etc. 
Treated acetate is especially prepared so that it will read- 
ily take inks, paint, etc. 


acrylic paints — See polymer. 


action lines — In cartooning, extra lines drawn around, 
or following, a figure or an object to indicate its motion. 


adhesive — Various types of glues, gelatin or casein used 
as a binder in various painting techniques. 


advancing colors — Colors which appear to come for- 
ward, such as red, orange and yellow. See and compare 
receding colors. 


adventure strip — A continuity cartoon strip drawn In 
fairly realistic style; for example, the Steve Canyon strip 
of Milton Caniff. 


advertising agency — An organization of artists, writers 
and other specialists equipped to create and produce 
advertising for a client. 


aerial perspective — Representation of depth in a pic- 
ture, achieved by weakening hues and value contrasts 
and softening edges of objects in direct proportion to 
their distance from the observer. Distant colors also ap- 
pear bluer than corresponding ones nearby. 


aesthetic — Pertaining to the beautiful, particularly in art. 
agate — 5'/2-point type. 


agent — 1. Ап artist's representative. 2. А liquid (such as 
oil or water) employed with a pigment and applied to a 
painting surface; a medium. 


alrbrush — An apparatus for applying a fine spray of 
paint, under pressure from a tank of compressed air or 
carbonic gas, to a surface; used creatively and for re- 
touching. 


alla prima — The term implies "all at once." A very direct 
way of painting, with little or no reworking. 


analogous colors — Colors closely related to one an- 
other, such as blue, blue-green and green. 
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anatomy — The study of the bone and muscle structure 
of humans and animals with particular regard to its effect 
on the appearance of surface forms and contours. 


aniiine colors — Brilliant colors derived from coal tar. 
They tend to fade after a period of time. 


animated cartoon — A progressive series of cartoons 
which give the effect of continuous movement when 
made into a motion picture. 


animation — The action or motion of a picture element; 
also, the preparation of animated cartoons or drawings. 


antique stock — Rough-surfaced paper, such as wove or 
laid. 


aquarelle — This is the French word for watercolor. 


aquatint — An etching process (intaglio) in tone, in which 
the plate is bitten through a resin ground, producing a 
granular effect in the print. 


arc — А portion of a curved line. 
archaic — Old, not of recent origin. 


architectonic — This refers to the characteristics of sound 
architectural design, such as stability, strength, construc- 
tive organization. 


area (picture) — The flat surface within the borders. 


armature — Framework or skeleton used to support clay 
or wax in modeling (sculpture in the round). 


art — Anything produced by skill and taste that moves 
people to see beauty in it or experience emotions result- 
ing from its impact on their senses and intelligence. 


art director — One who directs the art policies of an ad- 
vertising agency or publication. Usually a technically- 
trained person thoroughly familiar with art techniques 
and processes of reproduction. One who creates ideas 
and often commissions an illustrator to execute them. 


Artgum — A soft eraser free of grit, used for cleaning 
drawings. 


art service — An organization of artists, under the man- 
agement of a business or contact man. 


ascenders — The parts of lower-case letters that project 
above the main body, as in h, d, f, etc. 


asymmetrical — Not symmetrical or formal in balance. 
See also symmetry. 


attitude — A position or action of the body or part of the 
body appropriate to the emotion, character and person- 


ality. 


audio — Sound. The part of television that you hear, as 
opposed to video, the part you see. 
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заск-ир — А printing term used to denote the registering 
of two sides of a printed sheet. 


заіапсе — A pleasing arrangement of the different parts 
and opposing elements. In informal balance these parts 
эг elements are not arranged symmetrically. In formal 
oalance the arrangement is symmetrical. 


bail-and-socket Joint — An extremely flexible joint in the 
body that can be swung around in all directions — for 
example, the shoulder and hip joints. 


balloon — 1. A space containing the words spoken by 
cartoon characters. 2. A loose balloon shape on which a 
cartoon head is constructed. 


balloon lettering — Simple single-stroke lettering used in 
comic-strip balloons. 


Balopticon — A projector used by many artists for enlarg- 
ing or reducing sketches, photos, etc. It projects the 
image onto the drawing surface. 


base — іп engraving, wood or metal upon which printing 
plates are mounted to hold securely with the type. 


bas-relief — Sculpture or carving in which the forms pro- 
ject less than one-half of their true proportions from the 
surface. 


benday — An engraving process of breaking up solid 
areas into dots, lines or patterns. 


binder — An adhesive used in various mediums. In oil 
paints the binder is linseed oil; in watercolor, gum arabic. 


bite — The action of acid on metal during the process of 
etching in platemaking. 


black and white — 1. The term for a drawing or painting 
rendered in black and white only. 2. Black and white with 
intermediate tones of gray. 


blackface type — Bold form of German text, also called 
Gothic. This was the earliest type face, introduced by 
Gutenberg in imitation of the hand-copied books of his 
day. 


bleed — Printing а picture without leaving any margin 
between the picture and the page edge. Also, the excess 
borders on the art work and printing plate extending be- 
yond the final trimmed edge of the printed sheet. 


blending — 1. A method of drawing or painting in which 
one color or tone merges into another. 2. The process of 
mixing or incorporating one color or tone with another 
one. 


block — The wood or metal base on which a printing 
plate is mounted for letterpress printing. 


blocking — Attaching or mounting an engraving plate on 
a hardwood block. 


blocking in — Indicating with preliminary lines the broad 
outline of the objects or shapes in a picture. 
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blocking out — The act of eliminating an unwanted sec- 
tion in a picture. 


bloom — A foggy, whitish dull surface effect which may 
form on varnished pictures as a result of moisture. 


blowup — An enlargement. 


blue Bristol — An impression of a line plate printed іп 
blue ink on a drawing paper for the use of the artist in 
making color separations for the photoengraver. The blue 
drops out in photographing, leaving the solid blacks the 
artist paints on the blue "Bristol" to represent his color 
masses, or lines. 


biueprint — A proof, made on chemically treated paper, 
for the purpose of checking the relationship and size of 
all elements and final proofreading, before a printing 
plate is made. (This is the same blueprint paper used by 
architects and engineers.) 


body type — Type used for the main body of a piece of 
printed matter. 


boldface — The preceding word is in boldface type. It is 
darker than light and medium type. 


bond paper — An uncoated paper used primarily for busi- 
ness forms, letterheads and in layout and drawing pads. 


book jacket — A wrapper for a book, used principally for 
advertising the volume and, secondarily, to protect the 
binding. 


booklet — А pamphlet, generally bound within paper cov- 
ers. 


bookplate — A printed label for pasting on the inside 
cover of a book, usually decorated and containing the 
name of the owner or donor. 


Bourges process — A method of color separation by 
means of especially prepared colored or toned acetate 
sheets. 


brayer — А printer's hand roller used to apply ink to a 
printing plate. 


bridge — A mechanical aid to keep the hand from touch- 
ing the picture's surface while working. 


bright brush — A short-haired, very flat, chisel-shaped 
brush. (Shorter haired and thinner than the flat brush.) 


bristle brush — А brush made of hog's hair, used for oil 
painting. 


Bristol board — А drawing surface made of fine tough 
flexible cardboard. It is manufactured in several thick- 
nesses and in a variety of surfaces. 


broadside — A large, folded advertising piece. Also called 
a broadsheet. 


brochure — A bound pamphlet. 


broken color — Two or more colors placed so as to pro- 
duce the visual effect of another color — for example, 
small spots of yellow and blue intermingled to produce 
the effect of green. 


bullpen — Colloquialism referring to the art department 
of an organization. 


burin — A pointed steel tool used for cutting on wood and 
metal by engravers and other craftsmen; also known as 
a graver. 


burnisher — An instrument used to smooth, flatten or pol- 
ish a surface. It may be made of plastic, wood, glass, 
metal, stone or ivory. 


burr — Metal turned up along the edge of a cut drypoint 
line. 


busy — Active; in a picture or layout, etc., it generally de- 
notes excessive or competing detail. 


butcher's tray — A porcelain- or enamel-coated tray used 
as a palette. 
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calligraphy — The art of elegant writing or penmanship. 


cameo paper — Paper of a dull, smooth finish used fre- 
quently for carbon and graphite pencil drawings. 


camera lucida— An instrument with prism lenses, used 
for enlarging or reducing art work. An image of the art 
work appears to be projected on the drawing surface and 
is traced by the artist. 


candid camera — A high-speed camera used to take un- 
posed photographs. 


canvas — A surface made of cloth, usually cotton or lin- 
en, for painting in oil. 


canvas board — Cardboard covered with cotton or, rare- 
ly, linen, which is used as a surface for painting in oil. 


Canvaskin — An especially prepared paper with a tex- 
tured surface resembling artist's canvas. 


caption — Descriptive lines of type accompanying an 
illustration; also, a headline or heading. 


carbon pencil — A pencil whose marking medium is 
pressed carbon, rather than the usual graphite or lead. 


car card — A small poster, displayed in public convey- 
ances such as buses, streetcars, subways. 
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caricature — 1. The grotesque or humorous exaggeration 
of the chief characteristics of a person or thing. 2. А pic- 
ture showing this exaggeration. 


carpenter's pencil — A pencil having a wide flat lead. 
Ideal for chisel-point lettering or laying in broad tones. 
Also called sketching pencil. 


cartoon — 1. A comic or satiric drawing. 2. An artist's 
drawing or study made as a model to be transferred and 
carried out in paint, tapestry, mosaic, stained glass or 
other mediums. 


cartouche — A scroll-like design especially used for or- 
namental purposes in printing or hand lettering. 


casein — An adhesive prepared from curd of milk and 
lime, used in the preparation of casein tempera paint. 
Casein paint can be.used in various consistencies — 
thick, like opaque watercolor, or thin, like transparent 
watercolor. 


casting — Selecting the type of person who best fits the 
character to be portrayed. See also copy fitting (casting). 


Cel — An acetate sheet used in the production of tele- 
vision art. 


center of interest — That part of a picture that attracts 
the most attention. 


center spread — Two facing pages formed by one folded 
sheet of paper; for example, the center spread of a news- 
paper or pamphlet, or of one signature of a book or mag- 
azine. 


character — 1. The distinctive qualities belonging to an 
individual, thing or place. 2. An individual letter, number 
or punctuation mark in a type font. 


charcoal — Specially prepared charred wooden sticks 
used for drawing on a "'toothed" paper. 


chlaroscuro — А drawing or painting in which strong em- 
phasis is placed on light and shade. 


Chinese white — An opaque white watercolor pigment 
used in opaque watercolor paintings, in retouching pho- 
tos and in correcting wash and ink drawings. 


chisel point — A technique of drawing or lettering in which 
the point of the pencil or other drawing instrument is 
chisel-shaped, producing thick or thin strokes, according 
to how the instrument is held. 

chroma — The strength and purity of a color. 


circulars — Letters, leaflets, folders, handbills, broad- 
sides, etc., used in advertising. 


classic — A work of art of high order and acknowledged 
excellence. 


Famous Artists Dictionary / 8 


classicai art — 1. See classic. 2. This term is sometimes 
used to describe the art of ancient Greece and Rome. 


clip — A section clipped from a motion picture (or tele- 
vision) film. 


Clip flle — See research file. 


coat — To cover a surface with a ground, size, layer of 
paint or other substance. 


coated paper — Paper coated with a finely ground filler 
which produces a fine, smooth surface, like the pages of 
expensive "slick" magazines; also known as coated 
stock. 


cobalt drier — A liquid agent used in a medium to accel- 
erate the drying of oil paints. This is the best drier for 
permanent painting, being least likely to cause excessive 
darkening with age. 


cold pressed — An art paper or illustration board with a 
medium to rough texture. (Abbreviated CP.) 


collage — 1. The art of arranging and pasting pieces of 
cloth, newspaper, or other materials on a surface so that 
they form a composition. 2. A work made in this manner. 


collotype — A method of reproducing paintings and 
drawings by means of a gelatin plate. it requires no 
screen to reproduce the halftones. It is also known as 
photo-gelatin. 


colophon — A statement at the end of a book telling 
something about its printing; also a publisher's device or 
mark used on the title page of a book. 


color — 1. A sensation caused by light waves of different 
lengths striking the eye. It includes hue, value and inten- 
sity (chroma). See Мипзе! color system. 2. The overall 
lightness or darkness of lettering or type. If the lettering 
or type has a pleasing, even and consistent tone and pat- 
tern, it is said to have "good color." 


color chart — 1. An arrangement of colors according 
to their hue, value and intensity relationships. 2. A 
paint manufacturer's illustrated catalogue showing color 
swatches. 


color dimensions — Hue, value and intensity; the three 
ways of measuring any given color. See Munsell color 
system. 


color harmony — A unified or aesthetically pleasing ef- 
fect produced by а combination of colors that are simi- 
lar in one or more respects. 


color Interval — The degree of visual difference between 
two colors, measured in steps of hue, value and intensity. 


color notation — Notes used on sketches for future ref- 
erence when painting іп color; also, the specification of a 
color by written symbols and numerals based on a color 
system, such as Munsell. | 


color proof — Engraver's or printer's proof showing the 
effect of final color in perfect register. 


color scale — A series of colors that exhibits a regular 
change or gradation in intensity, hue or value. 
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color scheme — The particular group of colors that dom- 
inates a picture or creates a color unity within it. 


color sketch — A rough drawing or layout approximating 
the color of the final picture. 


color symbolism — The use of color to signify or suggest 
an emotion, idea or characteristic. 


color wheel — A circular color diagram. 


combination plate — A plate on which both halftone and 
linework are combined. 


comic strip — A series of drawings, in panels, portraying 
the adventures of characters, either humorous or other- 
wise, and usually published in newspapers. 


commercial art — Art prepared for commercial purposes 
— designed to create desire, inspire action, and achieve 
a profitable result. For example, advertising pictures, 
magazine illustrations, record album illustrations, etc. 


compass — An instrument for drawing circles, transfer- 
ring measurements, etc. 


complementary colors — Any two opposite hues on the 
color wheel, such as red and green. 


composite — Made up of several parts. For example, two 
or more photographs combined to make a single unit. 
See also montage. 


composition — The arrangement of forms, colors, lines 
and other pictorial elements. 


compositor — One who composes or sets type. 


comprehensive sketch — A finished layout (made to 
show to a client) in which all of the elements, such as 
type, illustration and spacing, have been carefully de- 
lineated. 


construction — The process of drawing objects so that 
they appear solid or three-dimensional. See a/so drawing 
through. 


contact points — The points at which objects or lines 
meet in a picture. See a/so tangent. 


contemporary — 1. People or things of the same period. 
2. In art or design, used to denote a trend or style asso- 
ciated with the present time. 


continuity — The running story of a comic strip, con- 
tinued from day to day. 


contour — An outline or profile. 


contrast — То make use of strong differences in form, 
line, texture or color for emphasis. 


cool colors — Such colors as green, blue-green, blue 
and violet. See and compare warm colors. 


cooled color — A color produced by adding cool color 
to a warmer color. See cool colors. 


copper plate engraving — An intaglio print-making proc- 
ess in which a copper plate is cut with a burin or graver. 
Also, a print from such an engraving. 


copy — Any drawing, painting, photograph or, especially, 
text that is to be reproduced by printing. 


copy fitting (casting) — Planning and specifying the set- 
ting of a given body of copy (text). It includes selecting 
the desired type face and specifying its size, the width it 
is to be set, and other details of instruction for the typog- 
rapher. 


coquiile board — A drawing Bristol board that comes іп 
a variety of specially roughened surfaces that divide 
crayon or brush strokes into broken textures suitable for 
line reproduction. 


corporate trademark — A trademark, or identifying sym- 
bol, designed for a business, corporation or company. 


covering power — The relative ability of any given 
amount of paint to cover what is underneath. 


Craftint paper — A prepared drawing paper containing 
one or two invisible screen patterns which appear wher- 
ever special chemical developers are applied. This adds 
tonal effects to a line drawing done on this paper. The re- 
sulting piece of art can be reproduced in a line process. 


create — To produce, organize, or invent a piece of art 
in a manner inspired by the inner personality and imagi- 
nation of the artist, as contrasted with mere mechanical 
effort. 


Cremnitz — See white lead. 


crop — To cut off. In preparing art for reproduction, to 
indicate where the picture edges should be. 


crop marks — Indications on copy which give instruc- 
tions to the platemaker for desired edges or limits. 


croquis — 1. A sketch. 2. A fashion-notation sketch re- 
cording all important details. 


crosshatch — Paralle! lines drawn to cross other paral- 
lel lines to obtain the effect of tone. 


cube — In geometry, a solid form of six equal square 
sides. In form drawing, this term is used loosely and re- 
fers to any object having a cube-like form, such as a box- 
car, room, book, etc. 


cubism — 1. A semi-abstract style by which the artist 
aims to express a sense of structure through arrange- 
ment of geometric shapes derived from real objects. 2. 
The movement which developed this style, beginning in 
France in the first decade of the 20th century. 


cut — 1. A photoengraved printing plate. 2. In televi- 
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sion, an abrupt stop of one scene or view, and the Im- 
mediate introduction of another. 


cutaway drawing — A drawing, usually of machinery 
where the surface of the object is ostensibly cut away, 
revealing the internal structure. 


cycle of action — The completion of a single action in 
television animation. 


cylinder press — A printing press that prints by the ac- 
tion of a cylinder pressing the paper against the ink and 
type or engraving. 


Dada — A movement which expressed revolt against 
conventional values in both art and life. Bizarre construc- 
tions and deliberately inartistic materials were favored. 
Dada, or Dadaism, flourished from 1916 to 1921. 


damar varnish — A liquid used as a final picture varnish 
for oil paintings or in a medium to be mixed with oil paint. 


deadline — Final date for delivery of art or copy. 


decaicomania — A picture or design printed on specially 
prepared paper and capable of being transferred to other 
surfaces, such as on wood, glass, etc. (A decalcomania is 
also called a decal.) 


deckle edge — Rough or uneven edge of paper produced 
by intent in its manufacture. 


decorative — Characterized by emphasis on decoration 
rather than purely realistic representation. 


deep etch — A form of offset lithography where the 
plates are made from positives instead of negatives. 


deep etched — Said of halftone or line plates on which 
an extra acid "bite" is taken to assure a clean, sharp 
impression. 


delineation — Representation of an object or design 
generally by lines rather than by masses. 


depict — To represent by drawing, painting, or other 
artistic means. 


depth — The illusion of distance or a third dimension in 
a picture. 


descenders — Parts of lower-case letters that descend 
below the main body, as in g, p, q, etc. 


descriptive pose — A pose that shows clearly in its sil- 


houette shape the gesture and action of a figure or ani- 
mal. 
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descriptive view — A view of an object that shows clearly 
its characteristic form and shape. 


design — A planned or intended arrangement of the ele- 
ments in a composition. 


designer's colors — High-quality opaque watercolors. 


dialogue — Conversation. In cartoon characters, usually 
lettered in balloons. 


diffused light — Light which has been spread evenly. 


display lettering — 1. Іп general commercial art, any prom- 
inent lettering. 2. In cartooning, any large or complicated 
lettering other than balloon lettering. 


dispiays — Advertising items such as plastic figures, small 
posters, mechanical devices, etc., used to attract the at- 
tention of passers-by. 


display type — Large type used for emphasis, as іп head- 
lines. 


dissolve — The fading of one scene as it is replaced by 
another, as in television. 


distortion — Picturing a subject so that it appears changed 
or twisted out of its natural shape. Sometimes used in 
drawing or painting to heighten the emotional effect. 


dividers — An instrument used for dividing lines into 
equali segments, transferring measurements, etc. 


dominant — Principal or most important; as the dominant 
part or motif of a design or composition. 


doodie — A more or less unconscious scribble or sketch. 


double spread, double truck — Terms used to designate 
the body of copy or illustration that spreads across two 
facing pages of a publication. 


drawing — The art of representing objects, ideas, emo- 
tions, etc., on a surface, using line, tone or color. 


drawing through — Sketching in the structural lines of an 
object as if it were transparent and you could see through 
it to all sides. 


drier — A substance used to hasten the drying time of 
paint or printer's ink. 


drop-out halftone — A halftone reproduction in which the 
screen dots are eliminated in white areas. This is often 
accomplished by the platemaker photographically, or by 
re-etching in these areas. There are also several proc- 
esses, such as Fluorographic, Kemart, and Kromolite, 
which the artist can use, with the co-operation of plate- 
makers, to prepare his art work. Drop-out halftones are 
also called highlight halftones. 


dry brush — A technique of drawing or painting with a 
brush that contains very little ink or paint. When the brush 
is dragged lightly across a rough surface, a textural effect 
is obtained. Dry-brush drawings done with black on 
coarse-grained paper are suitable for line reproduction. 


dry-mounting press — An electrically heated press used 
for mounting pictures, photographs, proofs, etc. 
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dry polnt — A print-making process in which the design 
is incised into the metal plate with a steel point or jewel 
point (diamond or ruby), creating a characteristic burr or 
ridge along the groove. Also, a print from such a plate. 


dummy — Plan of a prospective magazine, book, etc., in 
its sketched or pasted-up form, suggesting its final ap- 
pearance when it is printed. 


duograph, duotone — A plate-making process in which 
two halftone plates are made from the same tonal paint- 
ing or photograph. One halftone is printed in one color, 
the other is printed over it in a second color. Also, a pic- 
ture reproduced and printed in this way. 
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earth colors — Pigments, such as ochre, Venetian red, 
indian red, the siennas, or umber, all made from earth 
minerals. 


edge — The border or outline of a form or shape. If the 
outline is sharp and distinct, it is called а hard edge. If it 
is diffused or blurred, it is called a soft edge. 


editorial cartoon — 1. A cartoon panel commenting on 
current events or politics, and usually appearing on the 
editorial! page of a magazine or newspaper. 2. A cartoon 
strictly for reader amusement, as opposed to an advertis- 
ing cartoon. 


editoriai lilustration — Art such as cover designs and 
illustrations for stories or articles in magazines, news- 
papers and books, as distinguished from advertising art. 


egg-oll tempera — This is similar to egg tempera (beiow), 
but an oil is added with the egg yolk to make the medium 
easier to handle and adaptable to a wider range of 
effects. A typical formula is: 2 parts whole egg, 4 parts 
water, 1 part stand oil and 1 part damar varnish. 


egg tempera — Tempera paint which employs egg yoik 
as a binder. It can be freely diluted with water, but after 
drying becomes insoluble enough to allow overpainting 
with more tempera or with oil and varnish mediums. 


electronic flash — A photographic light that produces an 
extremely short flash. See a/so strobe light. 


electrotype — Duplicate of ап engraving and/or type, ob- 
tained by electrolytic deposit of copper or nickel on a 
mold, taken from the original plate. It can also be used 
as a duplicate printing plate. 


ellipse — The shape of a circle when seen at an angle. 


em — A unit of type measure (width) equal to the point 
size of the type. 


emphasis — Stress or accent on any part of a design or 
picture. 


emulsion — A suspension of fine drops or globules of one 
liquid in another liquid. A typical emulsion consists of 
egg yolk, oil and water (used for egg-oil tempera paint- 
ing). 


en — One-half of an em. 


encaustic painting — A method of painting with melted 
wax as the medium. The paint is applied to the surface 
while still hot and liquid. 


engraving — The process of cutting a metal printing plate 
by mechanical means; also, a print from such a plate. 
See also photoengraving. 


etching — 1. The process of “biting” a line or a halftone 
pattern in metal by an acid. 2. A print from an artist's 
etched copper or zinc plate. Etching is an intaglio proc- 
ess. See also photoengraving. 


expressionism — An art movement which stresses the 
full and free expression of the artist's emotions and re- 
actions rather than the literal representation of things. 
This approach often results in such characteristics as 
distortion of forms, slashing application of paint, violence 
of color combinations, etc. The original movement began 
in Germany before World War |. 


eye levei — The horizontal plane at the artist's eye level, 
to which he relates his linear perspective. It is also called 
the horizon line. 
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face (type) — The raised printing surface of type. The 
term also denotes style of type. 


fade in — In television, to bring the picture gradually from 
a pale version into full contrast of light and dark. 


fade out — The reverse of “fade in." 


Fauvism — An art movement of the early 20th century, 
stemming from impressionism. Its adherents, called 
Fauves (in French, "wild beasts"), favored striking color 
contrasts, distortions, and strong personal emotion in 
painting. 


feature — A cartoon panel or strip appearing regularly in 
а publication. 


felt nib pen — A drawing pen with a felt nib or tip. The 
ink soaks through the felt from an inside compartment. 
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ferrule — The metallic part of a brush, which holds the 
hairs or bristles. 


fine art — Art which is an end in itself and which is a per- 
sonal expression of the artist who creates it. 


finished art — Any piece of art work which is ready for 
reproduction. 


fix — To spray with fixative. 


fixative — А light protective coating sprayed over art work 
with an atomizer, airbrush, or pressurized can. it is espe- 
cially useful in preventing charcoal, pastel and pencil 
drawings from smearing. 


flake white — See white lead. 


flat brush — A flat oil-painting brush, thicker and with 
longer hairs than the bright brush. Generally made of 
white hog bristle or sable. 


flat tone — An area of uniform or even value. 


flexichrome — A photo-coloring process in which colored 
dyes replace the halftone values of the original black- 
and-white photo. 


flip card — In television, one of a series of photographs, 
drawings, etc., shown in sequence and used to tell a 
story or deliver a commercial message. 


floating — іп fashion illustration, loosely folding or ar- 
ranging a garment so that its principal features can be 
shown to best advantage. 


flop — To reverse from right to left, or vice versa. 
Fluorographic process — See drop-out halftone. 
focal point — Center of interest. 

foider — A small folded but unstitched printed piece. 


follo — А sheet of paper folded once (giving four pages); 
also, a page number in a book or magazine. 


font — A complete assortment of all the different charac- 
ters of a particular style and size of type. 


foreshorten — То shorten forms, objects, orfigures viewed 
at an angle, according to the laws of perspective. 


form — 1. The three-dimensional shape and structure of 
an object or figure. 2. In letterpress printing, all the ele- 
ments of type and/or plates locked in position to print 
together as a unit on the press, regardless of the number 
of pages involved or the area of the printed sheet. In off- 
set printing, the word form is often used to designate two 
plates used to print both the front and back of a sheet. 
This would be equal to two letterpress forms. 
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formal balance — See balance. 
foundry type — Hand-set type made by a foundry. 


frame — A single unit in a television storyboard, or a 
single unit of the final film. 


freehand drawing — Drawing without the use of mechan- 
ical aids. 


fresco — The technique of painting on freshly spread, 
moist plaster with pigments mixed with water. When dry, 
the painting and plaster are permanently bonded by 
chemical action. Also, a painting made in this technique. 


frisket — A semi-transparent covering placed over part 
of a drawing or photograph to protect that part while you 
work on the rest. It is used principally to shield portions 
of the art while retouching with an airbrush. 


frontisplece — An illustration preceding and usually fac- 
ing the title page of a book. 


fugitive pigments — Impermanent colors or pigments 
which, after a time, will change chemically and alter their 
color. 


full-color painting — A painting in which the three рп- 
mary colors or some variation of them is evident. 


full-color reproduction — Printed reproduction approxi- 
mating all the colors of the original art, usually by four- 
color process printing. The four colors commonly used 
are red, yellow, blue, and black. 


fuller's earth — A fine white powder, used by artists for 
preparing the surface of a photograph before retouching 
it. 


futurism — А movement which rejected traditional values 
in art and laid emphasis upon the expression of dynamic 
rhythms and energy. It began in Italy in about 1909. 
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gag — 1. A humorous idea. 2. A cartoon illustrating a 
humorous idea. 3. As a verb: to create a humorous situa- 
tion. 


gag panel — A humorous cartoon in a single panel. See 
also single-panel cartoon. 


gait — A manner of walking, running, or moving on foot. 
In animals, the gaits are the walk, trot, gallop, pace, etc. 


galley proof — A rough proof of type made for proofread- 
ing, submitted before pages are made up. In printer's jar- 
gon, "galley." 


gang run — Several different jobs printed in the same 
colors and at the same time, on one sheet, on a large 
press to save time and reduce costs. 


gang up — To group several pieces of art and/or type to 


reproduce as a single plate, or to group separate pieces 
to be printed or photostated together. 
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gelatin — A very pure glue made from animal or vegeta- 
ble matter. 


gesso — A material such as whiting, gypsum or titanium 
white, mixed with a glue and used chiefly on panels as a 
ground for painting. 


gesture drawing — A sketch, freely rendered, to estab- 
lish the essential action or position of a subject, usually 
as preparation for a more detailed drawing or painting. 


ghost — To subdue the value contrasts in all or part of a 
photograph or picture. This can be done with a light air- 
brush spray or with a sheet of cloudy acetate, or by the 
platemaker. 


glaze — An application of a transparent color or value 
over another color or value. 


glossy print — Shiny-surfaced photographic print, usual- 
ly preferred for halftone reproduction. 


glycerin — A heavy oil, colorless and odorless, used in 
the preparation of watercolor pigment. 


gothic — One of a group of alphabets or type faces char- 
acterized by strokes of equal or almost equal thickness, 
and usually without serifs. Typical gothic faces are News 
Gothic and Franklin Gothic. 


gouache — This is the French word for opaque water- 
color. In working with this medium, one can either use 
prepared opaque colors or add opaque white to standard 
transparent watercolors. Sometimes called tempera. 


gradation — A gradual change of value, tint or color in a 
drawing or picture. For example, a graded wash. 


graded wash — A wash tone that blends from light to 
dark or dark to light. 


graphic arts — 1. Commonly, the arts of printing, etching, 
lithography, etc. 2. Originally, the pictorial arts, or draw- 
ing, painting, etc., on a two-dimensional surface. 
graphite — The black substance in a lead pencil. 


graver — See burin. 


gravure — А photomechanical printing process with the 
images recessed below the surface of the plate (intaglio). 


gray — Strictly speaking, a color formed by mixing black 
and white and having no hue. However, mixtures of com- 
plementary colors also can produce grays. 


grisaille — Decorative gray monochromatic painting de- 
signed to create the illusion of a bas-relief sculpture. 
Also, underpainting with gray colors. 


ground — 1. A coating applied to a surface on which the 
picture is to be painted. See a/so support. 2. The protec- 
tive coating deposited оп an etcher's plate. 


gum arabic — A water-soluble gum used as a binder in 
watercolors and some tempera mediums. 


gutter — The inner margin of a printed page extending 
from the printed portion to the fold or binding; also, the 
area between two columns on a printed page. 


haiation — A glowing or halo effect. 


halftone — 1. A process for reproducing tonal images by 
photographing copy through a screen; also, the plates 
and printed impressions thus obtained. 2. Any interme- 
diate tone between black and white. 


handbilis — Advertisements distributed by hand. 


hard edge — A distinct, unblended edge formed by a 
sharp outline or by tonal contrast. See also soft edge. 


hard зе! — A direct, forceful advertising approach. 


harmony — A pleasing arrangement of the picture ele- 
ments, due to similarity of one or more of their qualities 
such as shape, size or color. See also color harmony. 


high-fashion illustration — A style of fashion art directed 
toward a sophisticated, fashion-conscious reader. It often 
has a loose, free or more personal technique, and is not 
concerned with literal, exact reproduction of the mer- 
chandise and its details. See and compare strong-sell 
fashion illustration. 


highlight halftone — See drop-out halftone. 
high surface — See hot pressed. 


hinge joint — A joint in the body that is limited to back- 
and-forth movement. For example, the elbow and knee. 


holding line — A line, usually drawn in black on a me- 
chanical. It is to be printed unless otherwise indicated. 
See and compare key line. 


horizon iine — An imaginary horizontal line representing 
the height of the observer's vision. See a/so eye level. 


hot pressed — A term used to describe smooth art paper 
or illustration board; also referred to as a plate finish or 
high surface. (Abbreviated HP.) 
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house organ — Periodical publication issued by a com- 
mercial concern or other organization. Called "internal" 
when circulated to employees, "external" when sent to 
customers. 


hue — The name by which we distinguish any color, such 
as red, red orange, orange, green, purple, etc. 


humorous continuity strip — A cartoon strip with a hu- 
morous story, continuing from day to day; for example, 
the Li'l Abner strip of Al Capp. 


idiom — A form or style that is characteristic of an artist, 
an art movement, or an art medium. 


illumination — Hand decoration of a book, manuscript, 
diploma, etc. For example, the medieval technique of ap- 
plying leaf or liquid gold, silver and bright colors in the 
decoration of manuscript books. 


illustration — А picture designed to interpret a story or 
an article. A graphic interpretation of a situation or of an 
idea. 


illustration board — Paper mounted on heavy cardboard, 
used to make finished drawings. It comes in various sur- 
faces, weights and thicknesses. 


impasto — A thick application of paint. 


impressionism — A French school of painting (late 19th 
century) based on the theory and practice of expressing 
broadly, simply and directly, visual impressions without 
minute analysis and detail. It favored the use of broken- 
color technique. 


imprimatura — А tone or glaze applied to a primed can- 
vas or illustration board before painting. 


imprint — 1. To mark by stamping, pressing on, or print- 
ing. 2. Identifying information added to a printed piece, 
such as the name of a dealer, distributor, sponsor, etc. 


indefinite blending — Adding paint or ink to a wet sur- 
face, thereby getting indefinite, accidental effects. This 
method is especially suited to watercolor painting. 
informal balance — See balance. 
intaglio — Print-making from engraved or etched lines 
and surfaces. Printing from the sunken or incised sur- 
faces of a metal plate. Gravure is an example. 


Intensity — The degree of strength, saturation, or purity 
of a color. Also known as chroma. 
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interpret — То communicate, convey ог impart what опе 
feels to be the real meaning of an idea or thing, rather 
than merely making a literal copy. Also, translating the 
things that are seen in nature or life into terms of draw- 
ing and painting. 


Intertype — A machine that automatically assembles type 
in such a way that all the characters in one line are cast 
or molded in one piece of lead, called a "slug." 


italics — Scriptlike letters or type. The italic form has ап 
oblique slant to the right. Used in contrast to the roman 
form, which is vertical. (These words are set in italics.) 


ivory black — A fine black pigment used in various paints. 
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Job printer — One who does miscellaneous printing, such 
as circulars, cards, billheads, etc. 


Juxtaposition — The placement of colors or forms side by 
side or close together to accentuate each other. 
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Kemart process — See drop-out halftone. 


key — A section of a scale of values or tones. The phrase 
"high key” indicates light values; "low key" indicates 
dark values. 


key line — А line drawn in red on a mechanical to indi- 
cate position and size of a piece of copy. It is not to be 
printed and is taken out by the platemaker. See and com- 
pare holding line. 


key plate — In printing, the plate to which all other plates 
are registered. Usually the black plate of a series of color 
plates. 


kid finish — Medium-textured surface of art paper or illus- 
tration board. Also referred to as medium finish. 


Kromolite process — See drop-out halftone. 


iaid paper — Paper with parallel watermark lines made 
by the wire screen over which the paper is formed. 


lampblack — A very fine black pigment used in various 
black paints. Watercolor lampblack is especially good for 
transparent wash drawing and in opaque watercolor 
painting, where it is used together with opaque white and 
grays. It is often used for line drawing with a brush. 


laying In — The initial application of tones to a picture. 
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layout — 1. The art of organizing all of the copy to be 
printed in an advertisement, magazine, book, etc. 2. The 
art director's or designer's sketch of how the printed 
piece will appear, done to show to the client for approval. 


leading — Spacing between lines of type. 


lead molds — Molds from which a superior kind of elec- 
trotype is made; used where extremely fine lines or tonal 
values are involved. 


leaf — A single sheet (two pages), as opposed to a "page," 
which refers to only one side of the leaf. 


leaflet — A single sheet, moderate in size, which may be 
folded or flat, but is unbound. 


letterhead — 1. The printed matter at the head of a sheet 
of letter paper, usually containing the name and address 
of the organization or person and other appropriate infor- 
mation. 2. A sheet of paper bearing such a letterhead. 


lettering — Words formed or printed by hand. 


letterpress printing — A printing process in which the 
raised surfaces of the type and/or plates are inked and 
an impression is transferred directly onto the paper. 


life drawing — Drawing from a live model. 


lift — A segment of a television commercial that can be 
taken out and used as a complete shorter commercial. 


light-and-shadow pattern — The design formed by the 
areas of light and shadow, considered as flat shapes on 
the picture surface. 


light box — A box with a translucent glass top having a 
light under it, used for tracing. 


lightface — Lightest and thinnest form of a type series; 
the opposite of boldface. (These words are set in light- 
face, and these іп boidface.) 


limited paiette — 1. A palette with a restricted number of 
pigments. 2. A palette which lacks one or more of the 
three primary colors (red, yellow, and blue). 


line — A continuous unbroken mark made by pen, pencil, 
brush or other drawing instrument. See a/so line of direc- 
tion. 


line and wash — А technique combining а black line 
(usually ink) and transparent wash. 


linear — Of or pertaining to lines; consisting of lines. 


linear perspective — The science of representing objects 
in three-dimensional space on a two-dimensional sur- 
face. 


line drawing — A drawing that contains no gray tones, 
but is composed entirely of lines, dots and areas of solid 
black. It is usually done with pen, or brush and ink, or 
biack crayon and can be reproduced by line process. 


line engraving — The simplest photoengraved plate. No 
halftone screen is used and no tone gradation is possi- 
ble. it is especially useful for newspapers and on other 
coarse papers. For this type of reproduction, drawings 
must be made in pure black and white only; halftones or 
grays cannot be reproduced. Also called line cut or line 
plate. 


line of direction — In picture composition, a line the eye 
follows when looking at the picture. The arrangement of 
the objects in the picture can lead the eye in a particular 
direction. 


linoleum cut — A relief (print-making) process like the 
woodcut and wood engraving, in which the woodcutter's 
knife and gouges are used to cut the design in linoleum. 
Also, the print from the block. Called variously block 
print, linocut, linoleum block print. 


Linotype — A machine that sets type in such a way that 
all the characters in one line are cast or molded in one 
piece of lead, called a "slug." 


linseed oil — An oil, obtained by pressing the seeds of а 
plant which produces linen fiber. Used as a medium in 
oil painting. 


lithography—4A reproduction process in which the grease- 
crayon lines and masses drawn on a flat, polished stone 
are printed through the affinity of grease for grease 
(grease crayon and printer's ink). The stone is wetted 
with water to repel the ink from other than crayon-covered 
areas. Crayon-stone lithography is used today principally 
for the making of fine prints. Its commercial brother is 
called offset lithography. See a/so offset printing or lithog- 
raphy. 


local color — The actual color of an object without re- 
gard to the effect of changing light and shadow condi- 
tions. 


local-coior value — The actual lightness or darkness of a 
color without regard to the effect of changing light and 
color conditions. 


logotype — The lettered signature name plate or trade- 
mark of a commercial firm. Also referred to as a "logo." 


long shot — In television, a picture showing a full figure 
or a distant view. 


loose — Drawn or painted freely, without precise deline- 
ation of detail. 


lower case — The uncapitalized letters of the alphabet 
(a, b, c, etc.). 
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lucy — Abbreviation of camera lucida, an instrument used 
for enlarging or reducing drawings by means of tracing 
what appears to be a projected image. 


Ludlow — A typesetting process that combines hand set- 
ting and machine casting in the same line or slug. It is 
used mostly for display type. 
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machine composition — Type set by machine only. 


magic realism — An intensely realistic form of painting, 
often showing familiar things in unusual groupings or 
settings. 


mahistick — A rod held in the palette hand and used to 
support or steady the painting hand, particularly while 
rendering details. 


major axis of ellipse — A line running through the widest 
measurement of the ellipse and dividing the ellipse ex- 
actly in half. 


makeready — The process of adjusting the press or 
plates to produce the desired values in the printed im- 
pression. 


makeup — The arranging of type lines and illustrations 
into page form in preparation for printing. 


manikin — А model of the human figure, usually made of 
wood or plastic and provided with movable joints. 


mars colors — Artificial earth colors. 

masking tape — An opaque tape used to cover the edges 
of a picture while it is being painted. The tape serves to 
keep the edges clear and sharp. It is also used to fasten 
flaps over mechanicals and secure art work to the draw- 
ing board, and serves as a substitute for Scotch tape for 
temporary fastening of copy, art work, etc. 

Masonite — Fiberboard or pressed wood. 

mat — 1. A cardboard or paper frame for a picture. 2. A 
paper-base mold from which a cheap printing plate (ster- 
eotype) can be made. 3. Dull — without gloss or luster. 


match dissolve — Holding one element on the screen as 
one scene dissolves into another. 


matte — Same as mat, 3, above. 


measure — Width of type lines. 
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mechanical — Working guide for the printer or engraver, 
which has all the elements shown in the layout pasted 
down or indicated in their correct positions. 


mechanical drawing — A method of drawing using pre- 
cision tools such as the triangle, T-square, dividers and 
ruler to produce mathematically precise layouts, dia- 
grams and engineering drawings. 


medium — 1. A liquid with which a paint may be diluted 
without damaging its adhesive, binding or film-forming 
properties. 2. The mode of expression employed: etching, 
painting, drawing, etc. 3. The actual instrument or mate- 
rial used by the artist: oil paint, watercolor, pencil, etc. 


mixed mediums (or media) — A combination of two or 
more mediums, like pen and ink with watercolor, or oil 
paint with tempera. 


modeling — 1. A technique of using light and dark values 
to give solidity to a form. 2. The act of posing for an artist 
or photographer. 3. The manipulation of clay in the art of 
sculpture to create form. 


moiré — A pattern caused by superimposing one or more 
benday or halftone screens over another. This often oc- 
curs when a previously printed halftone is photographed 
again through a halftone screen. 


monochrome picture — A drawing or painting rendered 
in one hue but in which intensity and value may vary. 


Monotype — A machine which casts or molds one char- 
acter of type at a time. 


montage — 1. Arranging a number of pictures or designs 
in a combination, often with some overlapping, so that 
they form a composite whole. 2. The arrangement or 
composition so made. 


mood — Feeling, emotion. This is communicated in pic- 
tures not only by the action, situation, or symbols de- 
picted, but also by everything that is used in the picture, 
such as color, value, texture, and even the manner in 
which the paints, pen strokes, etc., are applied. 


morgue — See research file. 


mortise — To remove a portion inside the edges of a 
printing plate, usually for the purpose of substituting 
other matter, especially type. See and compare notch. 


motif or motive — A prominent theme, feature, or pattern. 


mount — To fasten onto a base, such as mounting a pic- 
ture, photograph, or type proof onto a firm cardboard. 


mounting board — A cardboard, available in various 
thicknesses, used for mounting art work, photographs, 
etc. 


moving in — Viewing the scene by closing in, thereby en- 
larging the principal elements. 


Munsell color system — A system of color analysis and 
identification in which color is said to have three com- 
ponents or measurable dimensions. They are hue, value 
and chroma. Hue is the name of a color; for example, 
red, yellow or blue. Value measures the lightness or dark- 
ness of a color; a red, yellow or blue may be light or dark. 
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Chroma (also referred to as intensity) measures the 
strength of a color; for instance, a light red hue.may be 
weak or strong. 


mural — Any picture painted or fixed permanently on a 
wail or ceiling. 
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narration — The description or commentary that accom- 
panies the television action. Sometimes called ''voice 
over." 


naturalism — An approach or doctrine in art which favors 
the objective representation of nature without personal 
interpretation. 


negative space — The space, in a picture, not occupied 
by the principal objects. In lettering, the space around 
the individual letters. 


neutral color — 1. A color which lacks hue and intensity; 
for example, black or the grays. 2. A color to which com- 
plementary color has been added, causing it to become 
relatively gray or brown. (Such a neutralized color may 
also be referred to as a tertiary color.) 3. An earth color 
such as an umber or a sienna. 


nib — Pen point. 


non-objective art — Art in which the created forms are 
not derived from objects. 


noodle — To carry a picture, or a part of a picture, to a 
high (sometimes extreme) degree of finish. Often used to 
denote meaningless or superficial rendering. 


notch — To cut into the edge of a printing plate and re- 
move material, usually so that other material may be sub- 
stituted. See and compare mortise. 


nuance — A subtle gradation. 


O 


off screen — A television term indicating that one does 
not see the subject which is the source of the sound. 


offset printing or lithography — A printing process in 
which impressions are made on a rubber blanket by a 
metal plate, and are then transferred to paper. 





oll paint — Any pigment that has been ground in linseed 
or poppy oil. 


on screen -- А television term indicating that one sees 
the subject which is the source of the sound. 


opaque — Having the quality of not permitting light to 
pass through; not transparent or translucent. 


opaque projector — A lantern for projecting to the de- 
sired size a photograph or other copy onto a drawing 
surface. 


opaque watercolor — A creamy, opaque paint, sometimes 
called gouache or tempera. It is available in tubes or jars, 
or can be prepared by mixing opaque white with trans- 
parent watercolors. 


opaquing — Covering up, with opaque paint, the details 
in a negative not wanted in the finished plate. Opaquing 
is usually done by the plate-maker. 


op art— An art form using the device of arbitrary pat- 
terns of shape, color and value to create optical illusions 
or effects. 


open on — In television, showing the opening shot of a 
sequence; for example, we might say, “Ореп оп a couple 
seated on the beach.” 


optical — Relating to seeing. 


optical grays — Grays produced, not by mixing colors on 
the palette, but by applying a thin layer of one of the col- 
ors over the other on the painting itself. 


optical iliuslon — An unreal or misleading image pre- 
sented to the vision. 


outline — The outside edge of a shape or form. 


outline drawing — A drawing in which no modeling or 
light and shade representation is used and in which the 
outer limits and edges of forms are defined by lines. 


oval — Egg shaped. 


overiap — To cover a part of one shape or line with an- 
other. 


overlay — A sheet, usually transparent and taped over 
the key art, on which are indicated the parts of the draw- 
ing to be printed in color, or containing material to be 
surprinted or printed in a separate color. Also, any sheet 
containing instructions and taped over original art. 
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painting knife — A type of palette knife especially made 
for applying paint to a picture. 


palette — 1. The surface on which the artist places his 
paint and mixes his colors before applying them to the 
canvas or other painting surface. 2. A group of colors or 
gray values chosen by the artist to use in a particular 
picture. 
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palette knife — A thin, flexible steel blade set in a wood- 
en handle, used for mixing paints on the palette and to 
clean the palette. 


pamphiet — A booklet bound in paper either with or with- 
out a separate cover. 


pan — In television, to follow the movement of a figure or 
element, or to move the camera gradually so as to show 
a continuous scene or panoramic effect. 


panel — 1. A given area in which a cartoon may be drawn, 
with or without an inked frame. 2. One box or frame of a 
comic strip. See a/so single panel. 3. In television art, 
one unit of a storyboard. 


pantograph — A mechanical device used by artists to re- 
duce or enlarge pictures proportionately. 


pantomime — 1. Acting solely through expression and 
gestures, without dialogue. 2. A cartoon or a series of 
cartoons without dialogue or captions. 


pastel — 1. Pigment mixed into a paste of chalk and 
formed into sticks similar to chalk. It is used dry and ap- 
plied to rough or "toothed" paper surfaces. 2. The term 
is often used to describe any pale color. 


paste-up — See mechanical. 
patina — A surface change brought about by age or use. 


pattern — 1. The regular or irregular distribution or ar- 
rangement of picture elements. 2. Regularly repeated flat 
designs, such as those found on wallpapers, fabrics, etc. 
They may be used to create two-dimensional textures in 
a picture. 


perspective — See definitions of linear and aerial per- 
spective. 


photoengraving — A photomechanical process of mak- 
ing plates in which the printing surface is etched in relief 
so that the ink is applied to the raised portions. Also, the 
plate so made. 


photogravure — The process of producing by photogra- 
phy on a sensitive surface an engraved metal plate on 
which the images are recessed below the plate surface, 
and from which impressions may be printed (intaglio 
printing). 


photolettering — A mechanical method of simulating 
hand lettering or display type by photographic means. 


photolithography — Transferring of a drawing to a litho- 
graphic plate by photography. 


photostat (stat) — Photographic image recorded by a 
camera so constructed that it photographs and develops 
directly on paper, in negative values. From such a nega- 
tive a positive print can be made. 
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phototype — Туре set by photographic means. 


pica — Printer’s unit of measure equal to twelve points, 
which is one-sixth of an inch. 


pickup — An eraser used to remove excess rubber се- 
ment. 


pictorial design — The creative arrangement of all the 
elements in the picture to increase its effectiveness. See 
composition. 


picture area — The flat surface within the borders of the 
picture. 


picture plane — An imaginary plane always placed at 
right angles to an observer's line of vision and upon 
which the view to be drawn is mentally projected. 


pigment — Dry color matter which, when mixed with a 
vehicle (oil, water, etc.), becomes paint. 


plane — A flat surface. 
plate finish — A smooth paper surface. 


plein-air — A style of painting outdoor subjects with em- 
phasis on the qualities of light and air. It is associated 
with impressionism. 


ply — A single layer of drawing paper. Most drawing 
papers are made up of two or more plies of paper pasted 
together, and are described as two-ply, three-ply, etc. 


point — A standard type measure used by printers — 1/72 
of an inch. 72 points equal 6 picas. 


polntillism — A technique, invented by the French Im- 
pressionists (notably Seurat and Signac), of suggesting 
light effects by means of applying tiny dots of pure color 
that are visually blended by the beholder's eye. Modern 
photoengraving and color printing employ the same prin- 
ciple, but in a microscopic fashion. 


political cartoon — A cartoon panel depicting an event 
or aspect of political life. See a/so editorial cartoon. 


polymer — A name applied generally to any of a group 
of paints having as their binding vehicle polyvinyl! ace- 
tate or acrylic resin. Depending upon the amount of 
water added, they may be used as either transparent or 
opaque paints. When dry, they become waterproof and 
durable. When used as glazes, they have great lumi- 
nosity. 


pop art — A “popular” type of art In which common ob- 
jects are reproduced or employed. 


pop on — In television, to appear suddenly on the scene. 
"Pop off” is just the opposite. 


portray — To represent by a drawing, painting, sculpture 
or the like. To delineate or depict. 


poster — Publicly exhibited announcement or display 
piece, in which lettering and decorative or pictorlal mat- 
ter are combined in a single design. 


poster board — A mediumweight cardboard suitable for 
show cards. It comes in an assortment of colors. 
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poster color — Ап opaque watercolor used espetially in 
making show cards. It is less expensive and less refined 
than the paints prepared for opaque watercolor or gou- 
ache painting. 


preliminary drawings — Drawings done in preparation for 
a finished piece of art. They include rough sketches, 
working drawings, etc. 


pressed wood panel — А hardboard surface such as 
masonite used as a foundation or support for paintings. 


primary colors — Basic hues or those of first importance. 
The primary hues are usually considered to be red, yel- 
low and blue. 


priming — A coating, such as gesso or white lead, ap- 
plied to canvas or other material to create a suitable 
surface or ground for painting. 


primitive art — Unsophisticated art characterized by an 
ignorance of, or disregard of, the laws of perspective, 
balance or other traditional art rules. 


print — An impression made from a plate, block or litho- 
graphic stone, etc. 


printing — A process for reproducing copy. The major 
printing processes are letterpress, offset lithography, silk 
screen, and gravure. 


printing piate — А flat piece of metal on which an image 
is engraved or etched for printing. In letterpress printing, 
it is also called a cut. 


prism — A transparent optical instrument usually formed 
of crystal or glass, having two plane surfaces which are 
not parallel. It separates a white light into the visible 
colors of the spectrum. 


process color reproduction — A combination of halftone 
plates, usually red, yellow, blue, and black, which, when 
printed in perfect register — superimposed on one an- 
other — combine to produce a full-color reproduction. 


production department — іп an advertising agency or de- 
partment, or in an art studio, the people who are respon- 
sible for purchasing and maintaining schedules on such 
things as printing, typography, engravings, binding, pa- 
per, etc. Іп some organizations they may also purchase 
art. 





progressive proofs — These аге plate-makers’ proofs of 
the red, yellow, blue, and black plates in four-color proc- 
ess work, showing the order of printing and shade of 
inks. 


projector — A device containing a light and lens for pro- 
jecting an image onto another surface, such as a screen, 
paper or canvas. 


ргоої — А printed impression from a plate or body of 
type, submitted for examination or correction. 


prop — 1. In a cartoon or illustration, any object helping 
to indicate the scene or event portrayed. 2. The actual 
object used as a reference in making the picture. 


proportion — The size relation of one part or thing to an- 
other, or of one portion of a thing to the whole. 


pulps — Magazines printed on cheap, rough, uncoated 
paper or newsprint. 


pure color — An unadulterated pigment at its strongest 
possible chroma or intensity. Often used to mean paint 
just as it comes out of the tube or jar, without mixing with 
other paints. 
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quili pen — Formerly a pen made from a feather; now a 
special pen for fine work, called crow quill. 
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radiation — A divergence of lines, tones or colors from a 
common point, in different directions. 


raking light — A light directed across a surface from a 
low angle. This exaggerates any irregularities in the sur- 
face. 


read — To show up clearly or otherwise. For exarnple, 
we say that a picture "reads well" (or "poorly"). 


realism — Depiction of the actual form of the subject or 
a semblance of it. 


receding colors — Colors which appear to move away, or 
create the illusion of distance; for example, blue, green 
and violet. See and compare advancing colors; a/so cool 
colors. 


recto — Right-hand page; opposed to verso (left). 


reducing glass — Double concave lens which makes im- 
ages seen through it appear smaller in scale. It is used 
by the artist to visualize the effect of reduction. 


refraction — The bending of light rays when they leave a 
medium of one density to enter a medium of a different 
density. For example, the way a stick appears to bend 
when half submerged in water. 
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register — Correct fitting together of one or more ele- 
ments to be printed together. 


register marks — These marks are used to key an over- 
lay to the drawing or mechanical, as in color separations, 
combination plates, etc. They insure that the various ele- 
ments will be in register. 


relining — Mounting a painting on new canvas. 


Renaissance — The revival of classical art and learning 
in Europe during the 14th-16th centuries. 


render — To represent, portray, or depict, as in a draw- 
ing or painting; for example, a watercolor rendering, a 
pen and ink rendering, etc. 


reproduction — Making one or more copies of an origi- 
nal piece of work. The most common methods of repro- 
ducing or printing art work are letterpress, offset lithog- 
raphy, silk screen, and gravure. 


reproduction proofs — Commonly called “‘repros,” they 
are exceptionally clean, sharp proofs of copy on highly 
coated paper, and are used for photo reproduction pur- 
poses. 


rescale — The term is used two ways: 1. To enlarge 
("scale up") or reduce ("scale down") the size of a plc- 
ture, layout, etc., without changing the original propor- 
tions. 2. To change the overall shape to fit new space 
limitations by changing the original proportions. 


research file — A collection of pictures, arranged or filed 
according to subjects, and used as reference material 
by an artist. It is also known as a morgue, scrap file, 
swipe file, or clip file. 


retouch grays — A series of opaque watercolors, іп 
tubes or jars, ranging from white to black. They are used 
to retouch photos and paint opaque watercolors. 


retouching — The alteration of details in a picture; the 
removal of spots and blemishes in a photographic print 
or negative. 


retouch varnish — A light, colorless varnish, usually 
sprayed on dull, dried-out areas of an unfinished ой 
painting to restore the "wet" color or values, making it 
possible to match them properly with new paint. 


reverse — To turn over, making the former right-hand 
side the new left-hand side. Also called “flop.” 


reverse print — A print in which black values have been 
made white, and vice versa. 


rhythm — The regular repetition of similar elements, 
such as colors, values or forms. 


right angie — Any one of the L-shaped angles formed by 
the intersection of a perpendicular with a horizontal line. 
A right angle has 90 degrees. "At right angles" means 
perpendicular to something. 
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roman — 1. One of a group of alphabets or type faces 
characterized by thick and thin strokes and usually hav- 
ing serifs. Typical roman faces аге Caslon, Bodoni and 
Garamond. See and compare gothic. 2. A term describ- 
ing upright letters or type, as opposed to italic or slanting 
letters. 


Ross board — An illustration board that comes in a va- 
riety of specially roughened surfaces that divide crayon 
or brush strokes into broken textures, suitable for line re- 
production. 


rotogravure — A photomechanical printing process with 
the images recessed below the surface of the plate (in- 
taglio). It is a high-speed rotary press operation practical 
only for extremely long runs. 


"rough" — 1. The first sketchy rendering of a drawing or 
layout. 2. іп cartooning, a quick sketch to illustrate a gag 
for submission to an editor. Though formerly this was a 
rough pencil sketch, now most cartoonists submit a fin- 
ished drawing which can be reproduced as-is, if ac- 
cepted. 


round brush — A cylindrical brush having an evenly tap- 
ered point. 


rout — To cut or scoop out blank areas in an engraving 
plate with a routing tool. 


rubber cement — Semi-transparent mounting medium 
consisting of gum rubber and a solvent of petroleum or 
benzol. The excess can be easily removed by slight rub- 
bing with fingers or pickup. Not permanent. 


rules — Metal strips used in letterpress printing to re- 
produce a "ruled" or straight line on a page. These lines 
may vary in character and width. 


ruling pen — An instrument that holds ink between two 
adjustable blades to permit it to flow in lines of uniform 
width. 


running head — The title repeated at the top of consecu- 
tive pages in a book or magazine. 
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sable brush — A brush made from the tail hair of the 
Kolinsky (Asiatic mink), in a flat or round shape, and used 
with mediums such as oil, watercolor, tempera or ink. 


sampie — A representative illustration prepared by an 
artist to display to an art director as evidence of his pro- 
ficlency and style. 


sandpaper pad — A pad of sandpaper sheets mounted 
on a strip of wood. It is used for sharpening or shaping a 
pencil lead or pastel stick. 


sans serif — Letters or type without serif terminals (fine 
cross lines at top and bottom). This dictionary is printed 
in sans serif type. 


saturation — Purity or intensity of color; freedom from 
dilution with white. 
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scale — 1. Proportions ог relative dimensions. 2. То еп- 
large ("scale ир") or reduce ("scale down") the size of 
a picture, layout, etc., without changing the original pro- 
portions. 


scrap file — See research file. 


scratchboard — A heavy, clay-coated illustration board 
which is usually painted first with black ink. Then a de- 
sign is created by scratching away as much of the black 
area as desired. This is done with a sharp instrument 
such as a scratch knife, stylus or razor-blade edge. 


screen — A glass plate or film with crosshatched lines 
through which art work is photographed, producing half- 
tone values in the print. 


script — 1. Lettering based on and resembling handwrit- 
ing. 2. In television, a paper or papers on which all of the 
elements of a commercial or story are described in de- 
tail. 


scumbling — 1. The painting of one color or value into 
another to create an irregularly blended or mottled effect. 
2. The application of thin opaque color over dry under- 
painting. 


secondary colors — The three colors of orange, green, 
and violet, which lie halfway between the three primary 
colors of red, yellow, and blue. 


serif — Fine cross-stroke termination of letters — usually 
at tops and bottoms. 


set — A series of cartoons building up a gag and ar- 
ranged in a layout other than that of a straight strip. 


set palette — A palette in which one hue is mixed with a 
group of colors to create color harmony or unity in a 
picture. 


setting — Background or surroundings. 


shade — A mixture of pure color and black. Also, a sur- 
face in shadow. 


shading — Lines, values, or colors applied to a picture 
to create form, shadow, or pattern. 


shading sheets — Printed cellophane or paper sheets ap- 
plied to drawings to produce halftone effects similar to 
benday. 


shape — The flat silhouette ог two-dimensional form of 
an object. 


show card — A window or indoor poster for temporary 
announcements. 


siccative — A metallic salt used to speed the drying of an 
oil painting. 


sight line — A term in picture composition, describing an 
imaginary line extending from the eyes of a figure іп a 
picture to the object he is looking at, and indicating the 
direction of his glance. 


signature — A section of a book or pamphlet. Commonly 
four, eight, sixteen, thirty-two or sixty-four pages, folded 
as a unit. 


slihouette — 1. The flat outline shape of a form filled in 
with solid color. 2. Any halftone, art or photograph, with 
an irregular outer shape, in contrast to a square halftone. 


slik screen — A method of printing through a stencil per- 
manently fixed to a porous ground or screen of silk. 


sliverprint — A photographic print used as a base for a 
line drawing. The desired lines are drawn on the print, 
which is then bleached out, leaving only the drawn lines. 


sinc — Synchronization. “Action in sinc" means that the 
action in a television movie is perfectly synchronized with 
the narration or other sound. 


віпдіе-рапе! cartoon — A humorous or editorial cartoon 
drawn in one frame or panel. 


size — A glue solution used to fil! the pores of a painting 
surface, thus preventing the absorption of paint by that 
surface. 


sketch — A quick drawing usually made preparatory to a 
more complete drawing or painting. 


sketching pencil — Any drawing pencil. See a/so carpen- 
ter's pencil. 


slick paper — See coated paper. 


slug — A line (with or without type) cast or molded in one 
piece of metal. 


small caps — Capital letters smaller than the standard 
capital letters of a type face, and of the size of the body 
of the lower-case letters. 


soft edge — A blended or graduated transition from one 
value or color to another. 


soft sell — Presenting the advertiser's message in an in- 
direct or roundabout way, without strong emphasis on 
buying the product. 


spatial — Of or pertaining to space. 


spectrum — The arrangement of colors side by side as 
refracted by a prism. 


speed lines — Extra lines following a moving figure or an 
object in a cartoon and representing the disturbance his 
movement causes in the atmosphere. 
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sphere — A form, all points on whose surface are equi- 
distant from a point within called the center. A ball. 


spine — The bound edge of a book. 


split-brush technique — Painting or drawing with a brush 
having the hairs separated to form more than one point. 


split complement — A color scheme in which a key hue 
is used with the two colors that lie adjacent to its oppo- 
site (complement) on the color wheel; for example, red in 
combination with blue-green and yellow-green. 


spot drawings — Small drawings, usually vignetted, used 
in advertisements and as secondary story illustrations. 


spot knocking — Colloquialism for removing spots from 
a photograph or negative. 


square halftone — One which has straight edges and 
squared corners. 


stand oll — A painting medium obtained by heating lin- 
seed oil to about 600? F. 


stat — See photostat. 


static — Lacking in movement; the opposite of dynamic 
or active. 


station point — The term used to designate the point of 
observation in the making of perspective drawings. 


stick figure — A simple representation of a figure, drawn 
with a limited number of lines and used to establish or 
plan the action the figure will have in the finished draw- 
ing. 


still life — An artist's pictorial arrangement of inanimate 
objects. 


stipple — Effect obtained by the use of a series of dots 
or flicks in drawing. 


stock — Material to be printed or worked on, as by print- 
ers or artists. See coated paper. 


stopper — An eye-catching device in a plcture that 
"stops" the observer and holds his attention. 


storyboard — A visual presentatlon of a television pro- 
duction made in rough or comprehensive form. It is done 
on specially prepared pads called storyboard paper. The 
paper is composed of a number of panels to show the 
development of picture action (video) and sound (audio). 
straightedge — A ruling guide. 

strip — See comic strip. 


strip in — To position copy not pasted up on the mechan- 
ical, in film, prior to plate-making. 


striping — Painting lines with a brush, as in show-card 
writing. 
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strobe light — A term commonly used to refer to elec- 
tronic flash or speedlight; a photographic light of ex- 
tremely short duration useful for stopping action. 


strong-sell fashion illustration — A style of fashion art 
that shows the prospective customer exactly what the 
merchandise looks like. It is conservative in its poses, 
types of models, and rendering techniques. See and 
compare high-fashion illustration. 


study — A detailed drawing made preliminary to a fin- 
ished work; for example, a costume study or an anatom- 
ical study. 


stump — A pencil-shaped roll of paper used to blend 
pencil, pastel, or charcoal tones. 


style — A manner of employing tools and mediums that 
displays the genuine personality of the artist, or of a 
particular school, movement, or group. 


styling — іп fashion illustration, subtle details of style 
which give the clothes a smart look and bring out the 
style to best advantage. 


styilzed — Characterized by an emphasis on style and 
design rather than accuracy of representation. 


stylus — A scraping instrument, usually with a sharp- 
pointed or chisel edge. It is used for work on scratch- 
board, Bourges sheets, etc. 


subhead — A secondary headline or title. 


subordination — Subduing part of a picture to make it 
less important than some other part. The opposite of 
dominance. 


suggest — To create a realistic impression of a subject 
without representing it in precise detail. 


Sunday page — A colored comic page appearing in a 
Sunday comic supplement. It is referred to as a page 
whether it is a full page or only part of one. 


super — Abbreviation of superimposed. For example, let- 
tering which is superimposed over the picture in a tele- 
vision commercial. 


support — 1. The surface upon which a painting is made, 
such as canvas. 2. The reinforcement or backing for a 
painting surface, such as stretcher strips or other brac- 
ing. 


surrealism — A movement whose objective is to explore 
the realm of unconscious emotions and dreams through 
pictorial means. It stresses the fantastic, incongruous, and 
irrational. Surrealism began in Paris after World War І. 


swatch — А small sample specimen of color, value, tex- 
ture, pattern, etc. 


swipe file — See research file. 

symbol — A graphic device that represents something 
else, as, for example, a form, color, sign, or emblem used 
in a picture to represent an idea. 


symmetry — Similarity of size, shape and relative posi- 
tions of parts on opposite sides of a dividing line. 
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syndicate — A business organization which buys, sells, 
and distributes copyrighted cartoon and other features. 


syndicated feature — 1. A feature distributed by a syndi- 
cate. 2. A copyrighted cartoon feature produced regu- 
larly under contract for a syndicate. 
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tabloid — А newspaper whose page size is usually only 
about half the size of the traditional newspaper. it fre- 
quently contains more photographs than the traditional 
newspaper and presents the news in compressed form. 


taboo — An editorial rule forbidding the use of material 
considered offensive to readers. 


tabouret (taboret) — А cabinet used to hold an artist's 
drawing tools and materials. 


taliplece — Decorative unit or small illustration used as 
a space-filler at the end of a page. 


talent — A natural aptitude or ability. 


talking storyboard — A rough television storyboard, so 
named because it will be talked over with the client be- 
fore it is developed further. 


tangent — Touching. In a picture, when two forms or 
lines touch, or appear to touch, one another without over- 
lapping, they are said to be tangent. Artists use the word 
to describe misleading or distracting tangents. 


taste — The power of recognizing and appreciating fit- 
ness, beauty, order, or whatever constitutes excellence. 


technique — 1. The method of using a tool or medium. 
2. The characteristic appearance of a medium (for exam- 
ple, an “ой technique"). 3. Sometimes used to designate 
the style of a particular artist. See a/so style. 


tempera — Although originally this term applied to paint 
in which dry pigments are mixed with an emulsion such 
as egg yolk, it now refers to opaque watercolors in gen- 
eral. 


tertiary color — Any intermediate hue which contains 
some part of each of the three primary colors (red, 
yellow, and blue). 


texture — 1. Surface texture: In painting or drawing, the 
suggestion of the feel or appearance of a surface, such 
as rough, smooth, mat or dull, glossy, hard, soft, etc. 2. 
Repeated-form texture: This is a texture created by the 
repetition of forms, as in a brick wall or a shingled roof. 
3. Two-dimensional texture: A flat pattern or design on 
the surface of an object. 


third dimension — Effect of depth or bulk achieved by the 
artist on a flat surface. 


three-dimensionai— Possessing height, width, and depth. 
This is said of drawn objects that look solid, as opposed 
to flat. 


three-quarter view — A view of an object halfway between 
a front and a side view. For example, a three-quarter- 
view portrait shows a head in a position approximately 
halfway between profile and full face. 


thumbnail sketch — A small preliminary drawing. 


tight — Generally refers to a precise or completely delin- 
eated picture, or the style of such a picture. 


timing — 1. The development of events іп а cartoon strip 
as they build up to the gag ending. 2. The amount of time 
allowed for a specific action in television. 


tint — A mixture of pure color and white. 


tint block — A plate with a solid surface, used to print a 
light, flat color. 


tint plate — A plate used to print а flat area of gray tone 
or color. It is supplied by the platemaker in any desired 
tone value. 


titanium white — An excellent white, particularly in the 
watercolor mediums. It is very opaque and covers well. 
As an oil paint it tends to dry slowly. 


tonal — Having gradations of tone or gray values. 


tone — 1. A value. 2. The predominating value of a pic- 
ture, suggesting its key. 3. A thin layer of paint applied to 
a ground to eliminate the whiteness of the surface before 
painting. 


toned ground — A ground or painting surface to which a 
color or tone has been added. 


tooth — The textured surface of paper or illustration 
board. There are many varieties of tooth, from smooth to 
medium to rough. 


tracing paper — A thin, transparent or semitransparent 
paper used for transferring drawings from one surface to 
another by tracing. It is also used for overlays and pre- 
liminary drawings. 


trademark — A word, letter, device or symbol used to 
identify an organization, publication, or product. Some- 
times called a logo or logotype. 


traditional — Conventional, or long-accepted. 
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trammel — A mechanical device used to draw an ellipse. 


transfer sheet — A graphite-covered sheet of paper used 
like carbon paper to trace a preliminary drawing onto the 
final rendering surface. 


translucent — The property of a material that permits 
light to pass through it but does not permit objects to be 
clearly seen through it. 


transparent — The property of a material that permits ob- 
jects to be clearly seen through it. 


triangle — Triangular-shaped ruling guide, available in 
various sizes, and usually made of clear plastic or metal. 


\готре-Гое! — French for “deceiving the eye." An ex- 
traordinarily detailed type of realism. 


T-square — A ruling guide with а 90° angle crosspiece at 
one end. Held against the straight side of a drawing 
board, it is used in making horizontal lines. 


truck in — In television, to move in gradually toward the 
subject from a long shot to a medium shot or a close-up. 
"Truck out" means the opposite. 


true edge — A metal edge clamped along one side of a 
drawing board to insure an accurate plane or guide for 
the head of the T-square. 


turpentine — A solvent, distilled from the sap of pine or 
from pine wood. It is used to thin oil paints and also to 
clean brushes. 


twenty-four-sheet poster — A large, horizontal billboard 
poster, originally printed in twenty-four sheets and mea- 
suring, in its overall dimensions, 234 by 104 inches. Today 
it is usually printed in ten sheets but in the same overall 
scale as formerly. 


two-dimensional! — Flat, without thickness, depth, or solid 
form; having only the dimensions of width and height. 


two-dimensional design — Design based on the relation 
of flat shapes and patterns with no attempt at the illusion 
of solid, three-dimensional forms. 

type face — A particular type design, sometimes desig- 
nated by the name of the designer. (This line is printed in 
Helvetica.) 


type-high — Height of type (0.918 of an inch); also, height 
of a photoengraving when blocked for printing. 


typo — Colloquialism for typographical error. 


typography — Art of type selection and arrangement. 
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ипдеграт пд — A method of painting in which the forms 
are first painted in with little or no color. The painting is 
finished by adding successive glazes of color over this 
monochrome underpainting. Also, in general, any "lay-in" 
of broad tone or color areas over which finished paint- 
ing will be done. 


undertone — A color upon which other colors have been 
imposed and which is seen through them, modifying their 
effect. 


upper case — The capital letters of the alphabet (A, B, 
C, etc.), as opposed to the lower-case or small letters. 
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value — The lightness or darkness of a tone or color. 


value scale — The complete range of values from white 
to black. 


vandyke — A proof, made on chemically treated paper, 
for the purpose of checking the relationship and size of 
all the elements and final proofreading before a printing 
plate is made. 


vanishing point — A point in perspective drawing toward 
which receding parallel lines converge. 


varnish — A solution made of a resin in a volatile me- 
dium. 


vehicle — 1. A liquid used as the carrier of pigment in a 
paint. 2. See medium, 1. 


vellum — 1. A heavy, tough tracing paper often used for 
overlays on mechanicals and in color separation. 2. A 
broad range of papers having a slightly soft, toothed sur- 
face, as compared with the harder finish of bond paper. 


Velox — 1. A term used to designate a print obtained by 
photographing a tonal picture through a specified half- 
tone screen. The artist can alter the print with pure white 
or black. It is then reproduced as line art. 2. A trade name 
for a type of photographic paper or a print made on it. 


verso — Left-hand page. (Right-hand page is recto.) 
vibrating colors — Contrasting colors of the same value 
placed side by side, causing an apparent vibration or 
"jump" between them. 

video — In television, the picture, or visual part. 
vlewpoint — The point from which a scene is pictured. 
The viewpoint depends on both the eye level of the viewer 
and the distance from the scene. 


vignette — 1. A picture or design of irregular shape, hav- 
ing little or no background. 2. A photograph or halftone 
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engraving so prepared that it has an irregular outside 
edge fading gradually from tone to pure white. 


visual — 1. Pertaining to impressions received by the eye. 
2. An idea for a design, composition, layout, etc., put 
down on paper. 3. A drawing or overlay used by instruc- 
tors to criticize student assignments. 


visualize — To see or form a mental image. 


visualizing paper — A white, semitransparent paper, used 
chiefly for making layouts and preliminary drawings. 
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warm colors — Colors associated with heat or fire; for 
example, red-purple, red, orange and yellow. 


wash — Monochrome rendering with brush and trans- 
parent watercolor (usually lampblack). Other blacks, 
including ink, can also be used. 


watercolor — A dry pigment bound by an adhesive such 
as gum arabic, and applied, greatly reduced by water, to 
a surface (usually white paper) in a transparent fashion. 
Also, a painting made with watercolor pigment. See also 
opaque watercolor. 


wet-In-wet technique — The technique of adding paint or 
ink to a wet surface, thereby obtaining an "accidental," 
diffused effect as the pigment spreads into the wet area. 


white, Chinese — An opaque white watercolor pigment, 
often used in gouache or opaque watercolor paintings 
and in retouching photos and correcting wash and ink 
drawings. 


white lead — The fine opaque white colors used in flake 
white and Cremnitz white oil paints. It is poisonous if 
taken internally. 


wipe off — іп television, the action of an object which 
moves across the screen and eliminates ("wipes off") 
words or another object as it passes by. 


wipe оп — In television, when an object moves across 
the screen and another object or words appear where 
the first object has been. 


woodcut — А relief (print-making) process іп which prints 
are produced from a carved block of wood. The design 
of black lines and masses is left standing and the nega- 
tive background areas are cut away. The wood used 
(pear, apple, cherry) is cut plankwise and the tools em- 
ployed are the woodcutter's knives and gouges. Also, а 
print from the block. 


wood engraving — A relief (print-making) process like 
the woodcut, but the wood used is end-grain (box or 
maple) and the tools employed are burins and gravers. 
Also, the print from the block. 


working drawing — A thorough preliminary drawing usu- 
ally done on tracing paper and then transferred to the 
working surface for the finished rendering. 


wove paper — A term which applies to a broad range of 
papers having an even fiber formation produced over 


very fine wire mesh as compared with the coarser, dis- 
tinctive pattern of a laid sheet. 


X 


xylography — The art of wood engraving or woodcutting. 
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zinc etching — А photoengraved plate made оп zinc. 


zinc white — A zinc oxide used in painting. It is perma- 
nent and will not discolor. іп oil paint, it is less opaque 
than titanium and lead white. 


Zip-a-tone — A transparent adhesive sheet covered with 
any of a number of patterns of dots or lines. By applying 
this sheet to areas in a line drawing, tonal effects can be 
created. The resulting piece of art can be reproduced in 
line. 


zoom — In television or photography, to move rapidly 
toward the subject, or away from it; for example, to move 
from a long shot to a close-up, or vice versa. 
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INDEX 


Administration, 10-22 
filing system, 10 
picture morgue, 12 
serial number system, 11 
Standard Subject Identification Codes, 10 
security, 18-22 
supply, 16-18 
Advancement in rating, 1-9 
enlisted rating structure, 1 
how to qualify, 3 
preparation for, 3 
requirements, 4, 5 
Airbrushes, 287-290, 292, 298 
fundamentals of operation, 287 
maintenance, 289 
sources of air supply, 289 
technical drawings, 298-310 
techniques, 292 
cube, 295 
cylinder, 297 
even tone, 292 
graduated tone, 293 
spot effect, 295 
Airpainting, 287-310 
brushes, 287-290, 292, 298 
masks and friskets, 290 
paper, 290 
picturial rendering, 298 
pigments, 290 
steps in airpainting, 291 
Aligned section, 173, 176 
Alphabetical (topical) guide, 11 
Angles in oblique, 179 
Architects’ scale, 38, 39 
Art for reproduction and presentations, 311-355 
black and white reproduction, 318 
color reproduction, 327 
copy preparation, 316 
flowcharts, 338 
graphs, 340 
letterpress printing, 313 
lithographic printing, 313 
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Art for reproduction and presentations — Con- 
tinued 
matting and mounting, 346 
organization charts, 332 
rescaling, 314-316 
sketching, 348 
Authority to classify, 19 
Auxiliary sections, 172 
Axonometric projection, 180-185 


Balance, 323 
Bar graph, construction of, 342 
Basic human form, 254 
Basic lettering, 113 
Beam compass, 50 
Bibliography for Advancement Study, 7 
Black and white reproduction, 318-327 
combination copy, 326 
line drawings, 319-324 
tone copy, 324-326 
Body parts, movement of, 267-269 
Bones and muscles, 269 
Bow instruments, 50 
Bristol board, 64 
Brush script, 122 
Brushes, 62 
nomenclature, 62 
shapes of, 63 


Cameras, 88-100 
copy cameras, 88 
Photo Modifier, 96 
photocopier, 89 
photostat continuous model 4, 90 
Polaroid MP-3, 99 
process camera, 99 
xerography, 92 
Cartoons, 279 





Cased instruments, 43-50 
beam compass, 50 
bow instruments, 50 
compasses, 44 
dividers, 47 
Caslon lettering, 114 
Center lines, 137, 140 
Chain scales, 41 
Charge out materials, 16 
Circles, 
in isometric, 183 
in oblique, 179 
in perspective, 196-198 
multiview projection, 166 
Classification according to content, 19 
Classified materials, transmission of, 20 
Clothing the figure, 271 
Color reproduction, 327 
Compasses, 44 
beam, 50 
maintaining, 48 
pivot joint, 45 
Composition, elements of, 226-238 
Composition, figure, 275-282 
Constat printer, 97 
Constructing the figure, 258-267 
Contemporary lettering, 104 
_ Copy preparation, 316 
Coquille and Glarco Board technique, 322 
. Corner point numbering, 163 
Craftint paper, 324 
Cropping, 326 
Crossbatch technique, 323 
Cube construction, 191 
Curves, 
conic section, 33 
flexible, 33 
French, 32 
logarithmic spiral, 33 
mechanical engineer's, 33 
radius, 34 
Ship, 33 
Spline, 34 


DD form 14265, 134 
Design, composition, 226 
Detail paper, 63 
Diagonal line method of rescaling, 314 
Diazo materials, 
card stock, 72 
cloth backed paper, 72 
continuous tone paper, 72 
foils, 72 
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Diazo materials — Continued 
paper, 72 
polyester sensitized drafting film, 72 
sepia line intermediates, 72 
technisheen and technibronze, 73 
transparentizer, 72 
varicolor, 73 
Diazo process, 358 
Diazo process machine, 67-73 
adjustments and maintenance, 71 
ammonia flow system, 69 
cooling and exhaust system, 70 
developing section, 69 
materials used, 71-73 
operation of, 70 
Ozamatic Ozalid, 67 
principle of operation, 68 
printing section, 67 
Dimension lines, 137 
Dimensioning, 145-148 
Distortions and optical illusions, 120 
Drafting, 
film, 64 
machine, 27 
practices, general, 132-156 
tables, 24 
Drawing(s), 
bones and muscles, 269 
cartoons, 282 
clothing the figure, 271 
emotions and gestures, 275 
figure, 254-286 
instrument set, 45 
media, 63 
motion, 267-269 
settings, 279 
sheet sizes and format, 133 
tables, 23 
technical airbrush, 298-310 
Dry brush blending, 224 
Dusting brush, 56 


Electric erasing machine, 56 
Elements of composition, 226 
balance, 232 
Clarity, 237 
design, 226 
live movement, 234 
picture area, 226 
picture depth, 229 
sharpening effect, 237 
tone, 236 
unity, 236 
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Emergency ratings, 1 
Enlarging letters, 122 
Enlisted rating structure, 1 
Equipment, graphics, 23-65 
Erasers, 55 

abrasive rubber, 56 

art gum, 56 

electric erasing machine, 56 

erasing shield, 56 

gum eraser granules, 56 

kneaded, 56 

plastic, 56 

pulverized gum eraser particles, 56 
Erasing shield, 56 
Extension lines, 137 


Figure drawing, 254-286 
arm, 258 
basic, 254 
bones and muscles, 269 
cartoons, 279 
clothing, 271 
constructing, 258 
differences in male and female forms, 256 
ear, 267 
eye, 266 
figure composition, 275 
hand and foot, 258 
head, 261 
in perspective, 280 
mouth and chin, 266 
moving parts, 267 
nose, 266 
proportions, 255 
torso, 258 
File count card, 17 
Filing systems, 10-16 
charge out materials, 16 
filing data, 16 
filing originals, 16 
picture morgue, 12 
serial number system, 11 
Standard Subject Identification Codes, 10 
Finished format sizes, 135 
Finished letters, 121 
First-angle projection, 158 
Flannel board graphics, 375 
Flip charts, 375 
Flo-master pen, 62 
Flowcharts, 338 
construction of, 339 
symbols, 339 


Forms, basic, 239-242 
combining, 241 
cone, construction of, 240 
cube, construction, of, 239 
cylinder, construction of, 240 
from different eye levels, 250 
in space, 249 
light, shade, and shadow, 243 
sphere, construction of, 240 
texture, 251 

Free hand lettering, construction of, 107-123 
guidelines, 107 
materials used, 109 
strokes, 112 
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General ratings, 1 


Gothic lettering, 102, 115 
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Graphic equipment, 23-65 
Graphic scales, 44 
Graphics furniture, 23-26 
drafting tables, 24 
drawing tables, 23 
lamps, 25 
light tables, 25 
paper cutter, 26 
taboret, 25 
work tables, 25 
Graphics machines, 66-100 
: cameras, 88-100 
Diazo process, 67-73 
headlines, 73-81 
maintenance, 71, 81, 92, 96, 100 
safety precautions, 66 
still picture projectors, 81-88 
Graphs, 340-346 
bar graph, construction of, 342 
percentage charts, 345 
pie chart, 346 
rectangular coordinate, 340 
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Halftone reproduction, 319 
Headline gothic, 116 
Headliner, 73-81 
developer section, 74 
developing tank, 75 
Exposurminder, 79 
font switch, 80 
headliner control panel, 79 
insertion of film, 75 
letterspacing dial, 76 





Headliner — Continued 
lighthouse opening, 76 
lighthouse setting, 78 
line length dial, 79 
line selector, 79 
maintenance, 81 
nonprint switch, 80 
operation before use, 73 
operation of, 80 
troubleshooting aids, 82 
TypeMaster, 75, 77 
wordspacing dial, 76, 78 

Hidden lines, 137, 140 


Illustration boards, 64 
Illustrator Draftsman rating, 2 
Inclined lines and planes, 195 
Indicating scale on a drawing, 43 
Ink, 213-217 

erasing, 217 

inking over, 216 

line drawings, 213 

materials used with, 213 

practice exercises, 215 
Isometric projection, 180 

angles in, 183 

axis, 182, 184 

circles in, 183 

diagonal hatching in, 184 

isometric drawing, 181 

noncircular curves in, 184 

nonisometric lines, 181 
Italic lettering, 103 


Knives, 52 


Lamps, 25 

Lantern slide, 374 

Layout table, 352 

Leaders, 141 

Leroy lettering set, 124 

Lettering, 101-131 
adjustments, 115 
centering, 119 
classification, 101 
composition of, 105 
distortions and optical illusion in, 120 
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Lettering — Continued 
enlarging, 122 
faces, 
basic, 112 
Caslon, 114 
contemporary, 104 
futura, 105 
gothic, 102, 115 
italics, 103 
Kaufman, 105 
roman, 101 
sans serif, 104 
script, 102, 116 
Square serif, 104 
swash, 103 
text (old English), 103 
finished, 121 
free hand, construction of, 107-123 
guides, 123 
layouts, 117 
mechanical aids, 123 
mechanical lettering devices, 128 
overlapping, 121 
pasteup, 129 
photolettering machines, 128 
printer's rule, 107 
series and families, 105 
spacing, 117-119 
tools, 109 
type size, 105 
type weight, 107 
Letterpress printing, 313 
Lift methods, 357 
Light, shade and shadow, use of, 243 
light source, arranging, 248 
tone and value, 244 
Light tables, 25 
Line conventions, characteristics, 133, 138 
Line drawings, 213 
Lines, 
center, 137, 140 
dimension, 137 
division of, 148 
extension, 137 
hidden, 137, 140 
leader, 141 
phantom, 142 
plane, 142 
visible, 137, 140 
Lithographic printing, 313 


M 


Magic marker, 62 
Manual of Qualification for Advancement, 6 


403 


ILLUSTRATOR DRAFTSMAN 3 6 2 





Masking techniques, 361 
Mat and X-acto knives, 53 
Mathematical method of rescaling, 316 
Matting and mounting, 346 
Mechanical aids for lettering, 123 
Mechanical engineers’ scale, 39, 41 
Mechanical lettering devices, 128 
Mediums, 209-225 

ink, 213-217 

mixing, 224 

opaque, 221-224 

pencil, 209-213 

wash, 217-221 
Metric scale, 39 
Movement of body parts, drawing, 267-269 
Mylar, 361 


N 


Name-title subject codes, 11 
NavTra 10052, 7 

Nomograph, 357 
Nonisometric lines, 181 
Normal and oblique lines, 168 
Numerical subject groups, 11 


О 


Oblique drawing techniques, 175 
Oblique single plane projection, 174-180 
cabinet, 175 
cavalier, 174 
oblique drawing techniques, 175 
angles in, 179 
circles in, 179 
irregular lines, 177 
One-point perspective, 187-190 
Opaque, 221-224 
arranging on palette, 222 
dry brush blending, 224 
materials used, 222 
practice exercises, 223 
wet brush blending, 223 
working in, 222 
Opaque projector, 84-86 
nomenclature for, 86 
Open divided architects’ scale, 38 
Organization charts, 332-338 
format, 333 
types of, 332 
Orthographic projections, 157-173 
aligned section, 173 
arrangement of views, 161 
auxiliary views, 169 


Orthographic projections — Continued 
choice of views, 165 
circles, 166 
corner point numbering, 163 
first-angle, 158 
normal and oblique lines, 168 
removed sections, 173 
revolutions, 172 
revolved sections, 173 
spacing views, 161 
third angle, 159 
view analysis, 163 
Over lapping letters, 121 
Overlays, 364 
Ozalid machine operation, 70 
Ozamatic ozalid machine, 67 


Pantograph, 65 
Paper cutter, 26 
Parallel projection, 158 
Parallel straightedge, 27 
Pasteup lettering, 129 
Pay grades, 2 
Pencils, 53-55, 209-213 
blending, 212 
carbon, 54 
charcoal, 54 
colored, 55 
‘erasing, 212 
exercises, 213 
grades of, 54, 210 
graphite, 54 
handling, 209 
holding, 211 
lithographic, 55 
paper selection, 212 
pastel, 55 
selection, 209 
sharpening, 209 
stump, 55 
Pens, 57-62 
artist’s quill, 61 
felt tip, 61 
lettering (Speedball), 61 
ruling, 57 
technical fountain pen, 59 
Percentage bar chart, 345 
Perspective, 185-208 
compound forms, 206 
drawings, 185, 196 
inclined lines and planes, 195 
measurements, 198 
nomenclature, 186 
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Perspective — Continued 
one-point, 187 
reflections, 203 
Shadows, 203 
three point, 208 
two-point, 190 
Phantom lines, 142 
Photo Modifier, 96 
Constat printer, 97 
operating procedure, 97 
Photo transparencies, 372 
Photolettering machines, 123 
operation of, 91 
preventive maintenance, 92 
Picture, 
area, 226 
depth, 229 
elements of composing, 226 
Picture morgue, 12-15 
classifying, 13 
clipping, 13 
filing suggestions, 13 
numbering, 15 
setting up, 14 
Sources, 13 
starting, 13 
Pie chart, 346 
Pivot joint compass, 45 
Pivot joints, 49 
Plane figures, constructing, 150-156 
Plane lines, 142 
Polaroid MP-3, 99 
Process camera, types of, 98 
Procurement and estimating supplies, 17 
Projections, 157-208 
auxiliary view, 169 
axonometric, 180-185 
cabinet, 175 
cavalier, 174 
first-angle, 158 
foreshortening of a line in a multiview projec- 
tion, 168 
isometric, 180 
multiview planes of, 158 
oblique single-plane, 174-180 
orthographic, 157-173 
parallel, 157, 158 
perspective, 157, 185-208 
third-angle, 159 
two-view multiview, 167 
Projectors, 
carousel slide, 87 
lantern-slide, 87 
opaque, 84-86 
overhead, 81-84 


Projectors — Continued 

portable overhead, 84 

still picture, 81 
Projectuals, 356 

design, 356 

lettering size, 356 

transparency catalog, 357 
Proportional dividers, 50-52 
Proportions, figure drawing, 255 
Protractors, 36 


Quals Manual, 6 


Rate training manuals, 7 
Rating groups, 2 
Record of Practical Factors, 6 
Rectangular coordinate graph, 340 
Reduction table for fractions and decimals, 38 
Reflections in perspective, 203, 205 
Removed sections, 173, 176 
Reproduction, art for, 311 
Rescaling, 314 
diagonal line method, 314 
mathematical method, 316 
wheels, 315 
Reversals, 368 
Revolutions, 172 
Revolved sections, 173, 176 
Roman lettering, 101 
Ruling pen, 57 
caring for, 59 
drawing with, 58 
filling, 58 
types of, 57 
varieties of, 57 


5 


Sans serif lettering, 104 

Scale of values, 247 

Scales, 37 

Scaling wheels, 315 

Scratchboard technique, 323 

Screen printing, 330 

Script lettering, 102, 116 

Security, 18-22 
authority to classify, 19 
classification according to content, 19 


405 


ILLUSTRATOR DRAFTSMAN З ё 2 





Security — Continued 
disciplinary action, 22 
need to know, 19 
physical security, 22 
preparation and marking, 19 
purpose, 18 
purposes of markings, 19 
subversion of personnel, 21 
transmission of classified material, 20 
Security Manual, 19 
Serial number filing system, 11 
Service ratings, 1 
Shading sheet technique, 325 
Shadows in perspective, 223 
Sketching, 348 
Slides, 373 
Spacing, 226 
Spacing dividers, 52 
Speedball pens, 61 
Square serif lettering, 105 
Squeegee, 331 
Standard Subject Identification Codes, 10 
Standards for Navy drawings, 132 
constructions involving plane figures, 150-156 
DD form 1425, 134 
dimensioning, 145-148 
finished format sizes, 135 
leaders, 141 
line conventions and characteristics, 133, 138 
line division, 148 
sheet format, 133 
sheet sizes, 133 
Steel straightedge, 29 
Stencils, 331 
Still picture projectors, 81-88 
carousel slide, 87 
lantern-slide, 87 
opaque, 84 
overhead, 81-84 
portable overhead, 84 
Stipple technique, 322 
Subject group card, 12 
Supply, 16-18 
history, 18 
procurement and estimating, 17 
reporting, 17 
responsibilities, 16 
storing, 18 
Swash lettering, 103 
Swede pen, 57 
Symbols, combination and placement of, 227 


T 


Tables, 
drafting, 24 
drawing, 23 


Tables — Continued 
light, 25 
work, 25 
Taboret, 25 
Technical fountain pen, 59 
care and cleaning of, 60 
Pelican’s Graphos, 59 
use of, 59 
Templates, 34 
Text lettering (old English), 103 
Third-angle projection, 159 
Three-point perspective, 208 
Tone and value, 244 
Tongue joint, 49 
Tools and materials, 26-65 
bristol board, 64 
brushes, 62 
cased instruments, 43-50 
curves, 32 
detail paper, 63 
drafting film, 64 
drafting machines, 27 
erasers, 55 
illustration boards, 64 
knives, 52 
pantograph, 65 
parallel straightedge, 27 
pencils, 53 
pens, 57-62 
proportional dividers, 50-52 
protractors, 36 
scales, 37-43 
spacing dividers, 52 
steel straightedge, 29 
template, 34 
tracing cloth/linen, 63 
tracing paper, 64 
triangles, 29-32 
T-square, 27 
Tracing cloth/linen, 63 
Tracing paper, 64 
Transmission of classified material, 20 
Transparency catalog, 357 
Triangles, 29-32 
Triangular scale clip, 42 
T-square, 27 
Two-point perspective, 190 
TypeMaster, 75, 77 


Varigraph, 128 

Viewgraphs, 357 
Diazo process, 358 
handmade, 357 
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Viewgraphs — Continued Wash — Continued 
lift methods, 357 painting flat wash, 219 
screen printed, 370 painting graded wash, 220 
Views, working in, 218 
analysis, 163 Waxing machine, 318 
arrangement of, 161 Wet brush blending, 223 
auxiliary, 169 Work tables, 25 
choice of, 165 Wrico lettering set, 127 


spacing, 161 
Visible lines, 137, 140 
Visual presentations, 356-377 
flannel board graphics, 375 X 
flip charts, 375 
photo transparencies, 372 
projectuals, 356 


slides, 373 X-acto and mat knives, 53 
viewgraphs, 357 Xerography, 92 
Ww camera no. 4, 95 
maintenance of, 96 
Wash, 217-221 operation of, 95 
materials used, 218 how xerography works, 93 
practice exercises, 220 platemaking process, 94 
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